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PREFACE. 



The Text-book now offered to the public has been prepared to 
meet the existing want of a practical ''handy book" for the 
Assayer. 

To mining men the word "assaying" conveys a sufficiently dear 
meaning, but it is difficult to define. Some writers limit it to 
the determination of silver and gold, and others imagine that 
it has only to do with '' fumaoe-work." These limitations are 
not recognised in practice. In fact, assaying is becoming wider 
in its scope, and the distinction between ''assayers" and 
^analysts" will in time be difficult to detect. We have en- 
deavoured rather to give what will be of use to the assayer 
than to cover the ground within the limits of a faulty 
definition. 

At first our intention was to supply a description of those 
substances only which have a commercial value, but on con- 
sideration we have added short accounts of the rarer elements, 
since they are frequently met with, and occasionally affect the 
accuracy of an assay. 

Under the more important methods we have given the results 
of a series of experiments showing the effect of varying conditions 
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on the accuracy of the process. Such experiments are often made 
by assayers, but seldom recorded. Statements like those generally 
made — ^that " this or that substance interferes " — are insufficient. 
It is necessary to know under what conditions and to what 
extent. 

Students learning any particular process cannot do better than 
repeat such a series of experiments. By this means they will, at 
the same time, acquire the skill necessary for performing an assay 
and a confidence in their results based upon work under different 
conditions. 

The electrolytic method of copper assaying given under Copper 
is a modification of Luckow's ; it was introduced by us into the 
offices of the Rio Tinto Copper Company, and has been in use for 
many years with success. This modification is now employed in 
copper-works in Spain, Germany, and England, and is used in 
place of the dry assay for the commercial valuation of copper 
ores. 

We have adhered to the gram and the " c.c." as the units of 
weight and volume. Those who prefer working with grains and 
grain-measures can use the figures given, multiplied by ten. For 
example : — ^When i gram is mentioned, lo grains should be used, 
and ID grain-measures take the place of i " c.c." It is not 
advisable to mix the two systems, as by using gram weights and 
grain-measures. 

We have intentionally to a large extent omitted to mention the 
names of those who have originated or modified the various 
processes. The practice of naming a process after its dis- 
coverer has developed of late years, and is becoming objection- 
able. It is a graceful thing to name a gas-burner after Bunsen, 
or a condenser after Liebig ; but when the practice has developed 
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00 far that one is directed to ** Finkenerise " a residue, or to use 
the ** Beichert-Meissl-Wollny ** process, it is time to stop. 

We are indebted to the standard works of Allen, Crookes, 
Fresenius, Lunge, Michell, Percy, and Sutton, and wish to express 
our sense of special indebtedness to Mr. Richard Smith, of the 
Bojal School of Mines. One or two of the illustrations are taken 
from Mr. Sexton's excellent little book on Qualitative AnalygU. 
Our obligation to some others is mentioned in the text. 

^Finally, we have to thank for assistance in the experimental 
work Messrs. Bailey, Beswick, Clarke, Grant, Higgins, and 
Smith. 

THE AUTHORS. 

Cambobne, Nov, i8S^ 
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CHAPTER I. 
IMrTBODUCTOBY. 

Assaying has for its object the determination of the quantities of 
those constituents of a material which add to or detract from its 
value in the arts and manufactures. The methods of assaying 
are mainly those of analytical chemistry, and are limited by various 
practical considerations to the determination of the constituents 
of a small parcel, which is frequently only a few grains, and rarely 
more than a few ounces, in weight. From these determinations 
calculations are made, which have reference to a mass of material 
of, perhaps, hundreds of tons. But in all cases, whether the mass 
under consideration be large or small, whether the material bo 
obtained by mining, grown, or manufactured, the assayer is sup- 
posed to receive a small quantity, called " the sample," which is, or 
ought to be, the exact counterpaiii of the mass of material that is 
being dealt with. The taking and making of this sample is 
termed " sampling" ; and the men whose special work it is to select 
such samples are " the samplers," 

But although '* sampling ** is thus distinct from " assaying," the 
assayer should be familiar with the principles of sampling, and 
rigorous in the application of these principles in the selecting, 
from the sample sent him, that smaller portion upon which he 
performs his operations. 

Sampling. — In the case qfgaseSy there is absolutely no trouble 
in mixing. The only difficulty is in drawing off a fair sample 
-where, as in flues, the body of the gas is in motion, and varies a 
little in composition from time to time. In this case, care must 
be taken to draw off uniformly a sufficient volume of the gas during 
a prolonged period ; any portion of this larger volume may then 
be tal(:en for the analytical operation. 
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In the oaae of liquids, which tth't more or less easily — and fchb 
class includes metals, &c., in the etato of fusion — more or less 
severe agitation, followed hy the immediate Tvithdrawid of a por- 
tion, will yield a fairly representative eample. 

In the case of solids, the wbole mass must be crushed, ajid, if 
not already of fairly uniform quality, mixed, before sampling can 
take place. Most of the material which a sampler is called upon 
to deal with, is, however, in a more or less divided state and fairly 
uniform. In practice it is assumed that 5 per cent, of the whole 
( = -^th), if taken in portions of equal weight and at frequent and 
regular intervals, will represent the mass from which it was taken. 
Taking a heap of ore, A, and selecting one out of every twenty 
spade-, bag-, barrow-, or wagon-fuls, according to the quantity of 
stufif in the heap, there is obtained a second heap, £, containing 
one-twentieth of the stuff of tte heap A. If we crush the stuff in 
B until this heap contains approximately the same number of 
stones as A did— which means, crushing every stone in E into aboat 
twenty pieces — B will become the counterpart of A. Selecting 
in the same manner 5 per cent, of B, there is got a third heap, C. 
This alternate reduction and pulverising must be carried on until 
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coarse powder, ^\lh of C. 
s already a dry powder, 5 per 
; each lot being added on 
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the apex of the cone already formed, bo that it may distribute 
itself by falling evenly in all directions. When the cone is com- 
pleted, convert it into a low frustrum of a cone by drawing stuff 
iinifonnly and in a direct line from the centre to the circum- 
ference. Draw two diameters at right angles to each other, and 
■■eservingany two alternate quarters, reject the others. Mix; and , 
form another cone, and proceed until a sample is got of the bulk 
required. 

This ia the usual plan, and all samples should be treated in this ] 
way when the stuff ia fine enough to foU evenly down the sides of J 
ft cone. 

Sftmples as they reach the assay office are seldom in a fit state 
for the work of the assayer ; they are generally too coarse, and 
ought always to be more than he wants for any particular deter- 
mination. The portion he requires should never be taken at 
hap-hazard; the sample must be reduced systematically to the 
' quantity required. 

1. If the saviple is a liquid : it is sufficient to shake the bottle, 
and take out a measured or weighed quantity for the assay. 

2. If a liquid with a solid in suspension : measure the whole 
of it. Filter. Make up the filtrate with the wash-water or water 
to the original bulk. As^y it. Dry and weigh the residue, and 
make a separate assay of it. 

3. Ifofacreami/ consistency, free from heav;/ particles : mix well; 
spread out evenly on a glazed tile. Take up equal portions at 
equal distances. Mix and assay. 

4. If a mud of coarse andjine particles, or of particles of unequal 
density : weigh and transfer to a porcelain dish, or weigh in the 
dish. Diyat 100' C, weigh. Treat theresidueasasolid capable 
of being powdered. 

^, If a solid capable of being powdered, or already powdered : 
heap up into a cone j flatten with a spatula ; divide along twO' 
diametera at right angles, and carefully reject the whole of two 
alternate quarters, brushing away any fine powder. MJv the' 
other quarters, and repeat (if necessary). For small quantities a 
fine state of division is essential. 

6. If a solid with metallic particles ; powder and pass through 
a sieve ; the metallic particles wfil not pass through. Weigh both 
portions and assay separately. Sifting should be followed by a 
very thorough mixing. 

■J. If a melal or alloy in bar or ingot : clean the upper surface 
of the bar, and bore through the bar. Use the borings. If the 
ingot or bar is small, cut it through and file the section. Filings 
must be freed ivota fragments of the tile by means of a magnet ; 
and from oil, if any be present, by washing with a suitable 
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solvent.* Where practicable, metals and alloys are best sampled b^ 
melting and granulating. The student must carefully avoid any 
chance of mixing dirt or particles of other samples with the par- 
ticular sample which he is preparing. One ore should be done at 
a time, and when finished, it should be labelled and wrapped up, 
or bottled, before starting on a fresh sample. 

When an ore requires to be very finely ground in an agate 
mortar, it is often advisable to mix with a little pure alcohol and 
rub until free from grit; dry at loo* 0. and mix well before 
weighing. 

When an assay is required of a quantity of ore made tip 61 
parcels of different weight and quality, each parcel should be 
separately sampled and parts of each sample, bearing to each 
other the same proportion by weight as the original parcels, 
should be taken and mixed. For example, a lot of ore is made 
up of one parcel of A, 570 tons, one of B, 180 tons, and another 
of 0, 50 tons ; a sample representing the whole may be got by 
mixing 57 parts of a sample of A with 18 parts of a sample of B, 
and 5 parts of a sample of C. 

A bruising plate, like that in fig. 2, is convenient for general 
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office work. The slab is of cast iron, about an inch thick. It is 
firmly supported on a solid block of wood, and pivoted for con- 
venience in emptying. The bruising-hammer is steel-faced, about 
4 inches square, and i J inch thick. The block is firmly fixed to a 
small table or trcsscl, so that the slab is about 2 feet 6 inches 

* Ether or carbon bisulphide. 
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||. from the groimd. The slab is cleaned, and the sample i 
with the help of a stifi'-haired brush. 

Drying : Determination of Moisture. — In practice, the 
moisture is generally determined hy the samplers, and the pro- 
portion is specified in grains per pound on the label attached to 
the sample when it reaches the assay office. The method adopted 
is usuaUy to dry i lb. = 7000 grs. of the ore in a frying-pan 
heated over a gas flame, or in an ordinary oven, nntil a cold bright 
piece of metal or glass is no longer damped when held over it. 
The loss of weight in grains = moisture. 

Properly, however, tliis work should be done by the assayer, if 
only for the following reason. It is assumed that the dry ore of 
the sampler and of the assayer are the same thing ; according to 
the nature of the ore, this may or may not he the case. The 
assayer, however, uses the sample which he has dried for his 
moisture-determination, as the dry ore on which he makes his 
other assays, and no variation in moisture would influence the 
other and more important determinations. Some ores are sent 
to the smelter with from 5 to 1 5 per cent, of adherent water. In 
these cases it is best to spread out the sample, and taking equal 
portions fairly at regular intervals, weigh into a Berlin dish so 
grama. This should then be dried over a sand-bath, or if the ore 
is likely to be injured by excess of heat, over a water-hath until 
the weight is eonstflnt. The loss of weight multiplied by 5 gives 
the percentage of water present. 

Example ; — 

Weight ol dish-i-wolfram .... 32.67 grms. 
„ „ dish ...,,. 13.67 11 






„ wolfram 



x5 = 



12.67.. 

n the state 
se, and, 



There are other ores which are not apparently wet, but ii 
colled " air-dried." It is easier to take fair samples 
consequently, it is not necessary to use so large a quantity a 
grams. But with a smaller quantity, extra precautions must be 
taken. All dry solids at ordinary temperatures absorb moisture 
from the air. The amount varies with the nature of the material 
and with the quantity of surface exposed. Light bulky powders 
absorb more than heavy ones, because of the greater condensing 
surface. It is on this account that it is well to weigh substances, 
which have been dried, between close-fitting watch-glasses, Tha 
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method of determining moisture is to weigh out into the glasses 
5 grams of ore, and dry in the water-oven until there is no further 
loss of weight. On taking the glasses out of the oven, they should 
he at once closed, the clip put on, and after cooling in a desiccator 
weighed. If after a second trial the loss is the same, or only io- 
creased hy a milligram, the determination is finished. 
Example : — 

Weight of glasses + pyrites 

„ „ glasses \ . . . 



f» 
ft 



it pyrites .... 
glasses + pyrites, dried i hour 






ft 



»> 



»» 



»f 



»» 



*t 



dried 



31.0470 grms. 
26.0470 „ 



5.ocxx> 



,, moisture 



. . • . 
0.1513x20=3.026 



30.8965 
30.S957 

31.0470 
30.8957 

0.1513 



»» 
ft 



8.027,. 

Sometimes it may be advisable to dry 10 grams, in which case 
multiplying the loss by 10 will give the percentage. The dried 

A ore should be transferred to a weighing-tube (fig. 3), 
and reserved for the subsequent determinations. The 
weighing-tube with the ore must be marked, and ke^ 
in a desiccator. 

Most ores and inorganic substances can be dried, 
and their moisture determined by the loss in this 
way. When, however, the substance contains another 
somewhat volatile ingredient, it is exposed over sul- 
phuric acid in a desiccator for two days (if in vacuo, 
all the better), and the loss determined. Moisture 
in dynamite should be determined in this way. 

When water is simply mechanically mixed with a 
substance it presents but little difficulty. The com- 
bined water is a different matter. Slaked lime, even 
when perfectly dry, contains much water ; and if the 
water of soda crystals were separated and frozen, it would 
occupy a volume equal to that of the original crystals. Perfectly 
dry substances may contain much water, and this combined water 
is retained by different materials with very unequal vigour. 
Sodium sulphate and sodium phosphate crystals lose water 
even when exposed under ordinary conditions to dry air. Soda 
crystals when heated melt, and at a moderate temperature give 
off their water with ebullition. The temperature at which all 
the water is given up varies with each particular salt ; the actual 
determination of the water in each case will require somewhat 
different treatment. Such determinations, however, are seldom 
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[quired ; and from a practical point of view this combined 

no trouble. 

II uagaying ores, we term " moisture " all water which is lost 

f exposure in a water-oven at ioo° C, and the " dry ore" is the 

which has been dried at this temperature. No advantage, but 

ler endless confusion, would be caused by varj^ng the tempera- 

e with the object of estimating the whole of the water which a 

irated salt may contain. The results of the assay of the other 

mponenta should be calculated on the " dry ore." One advantage 

% this is obvious ; — The dry oi* has a constant composition, and 

B results of all assays of it will be the same, no matter when 

made ; the moisture, however, may vary from day to day, and 
Tvould be influenced by a passing shower of rain. It is well to 
limit this variability to the moisture by considering it apart, and 
thus avoid having the percentage, say, of copper rising and falling 
under the influence of the weather. 

In the ease of certain salts, however, such as soda crystals and 
hydrated sulphate of copper (when these constitute the bulk of 
the substance to be assayed), it is as well to perform the assay 
on the moist, or at any rate air-dried, substance." It would 
be equally convenient to calculate on the substance dried at 
100° C; but in this case it would be well, in order to avoid 
a somewhat shallow criticism, to replace the term " moisture " by 
the longer but equivalent phrase " wat«r lost at 100° C." 

Oaloulation and Statement of Basalts.^— By far the most 
generally convenient method of stating the results of an assay is 
that of the percentage or parts in a hundred, and to avoid a 
needlessly troublesome calculation it is well to take such, a quantity 
of ore for each assay as by a simple multiplication will yield the 
percentage. In these calculations decimals are freely employed, 
and students should make themselves familiar with the methods 
of using them. 

Other methods of statement are in use, and have advantages 
in certain special cases. With bullion the parts in a thousand 
are given, and in those cases in which the percentage is very 
small, as in water analysis, it is convenient to report on parts 
in 100, OC3, or even 00 parts per 1,000,000. These are easily 
got from (he corresponduig percentages by shifting the decimal 
point one, three, or four places to the right. Thus 92.5 percent. 
is 925 per thousand ; and 0.0036 per cent, is 3.6 per 100,000, 
or 36 per milUon. 

tWith ores of tin, silver, and gold, the result is stated as so many 
ts., lbs., or ozs,, in the ton. With dressed tin ores as they aro 
' Snch sabs' 
^r-paper. 



i bc^t dried by pressing between folds of dry 
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sent to the smelter, the produce is given in cwts. and quarters 
to the ton. The corresponding percentage may be obtained by 
multiplying by five ; or, inversely, if the percentage is given, the 
produce may be got by dividing by five. A produce of 13^ equals 
a percentage of 13.5 x 5 = 67.5 ; and a percentage of 70.0 equals a. 
produce of 70-5-5 = 14. With tin ores as raised (in which th» 
percentage is small) the reduction must be carried to pounds per 
ton. One per cent, equals 22.4 lbs. to the ton; consequently, if 
we multiply the percentage by 22.4, the produce will be given. 
Thus, if an ore contains 6.7 per cent, of oxide of tin, the produce 
is 6.7 X 22.4= 150 lbs. (or I cwt., i quarter, and 10 lbs.) to the 
ton. With gold and silver ores, the proportion of precious metal 
is small, and it is necessary to carry the reduction to ozs. and 
dwts. to the ton ; and since gold and silver are sold by troy 
weight, whilst the ton is avoirdupois, it is of importance to 
remember that the ounces in the two systems are not the same. 

A ton contains 15,680,000 grains, which equal 653,333.3 dwts. 

or 32,666.6 ozs. (troy). The following rules are useful : — 

To get ozs. (troy) per ton, multiply parts per 100,000 by 0.327 ; 

To get dwts. per ton, multiply paits per 100,000 by 6.53 ; 

To get grains per ton, multiply parts per 100,000 by 156.8. 

Where liquids are being assayed, cubic centimetres are held to 
be equivalent to grams, and the usual method of statement is, 
" so many parts by weight in so many by measure.** Where the 
statement is made as grams per litre or grains per gaUon, there 
can be no doubt as to what is meant ; and even if it be expressed 
in parts per 100,000, parts by weight in a measured volume must 
be understood unless the contrary is expressly stated. 

In some cases, where the density of the solution differs greatly 
from that of water, the percentage by weight may be given ; and 
in others, mixtures of two or more liquids, the percentages may 
be given by volume or by weight; as so many c.c. in 100 cc, or 
as so many grams in 100 grams, or even as so many grams in 
100 c.c. In such cases it must be distinctly shown which method 
of statement is adopted. 

One grain per gallon means i grain in 70,000 grain-measures, 
or one part in 70,000. Dividing by 7 and multiplying by 10 
will convert grains per gallon into part? per 100,000. Inversely, 
dividing by 10 and multiplying by 7, will convert parts per 
100,000 into grains per gallon. 

Grams per litre are parts per 1000 ; multiplying by 100 will give 
parts per 100,000, and multiplying by 70 will give grains per gallon. 

Among foreign systems of weights, the Fi-ench is by far the 
best. Kilograms (2.205 lbs.) per quintal (220 5 lbs.) are parts 
per cent.; and grams (15.43 gi*s.) per quintal are parts pel 
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100,000. From the rule already given, grams per quintal may 
be converted into ounces to the ton by multiplying by 0.327. 

The Glerman loths per centner (J oz. (avoirdupois) to 100 lbs.) 
equal parts per 3200 ; they are converted into parts per cent, by 
dividing by 32, or into ounces (troy) per ton by multiplying by 
10.208. 

In the United States, as a sort of compromise between the 
avoirdupois and metric systems, a ton is taken as 2000 lbs. 
There, too, the custom is adopted of reporting the gold and silver 
contents of an ore as so many dollars and cents to the ton. In 
the case of gold, an ounce is considered to be worth 20.6718 
dollars. With silver, the nominal value is 1.2929 dollars per 
ounce, but frequently in assay reports it is taken as one dollar. 
The practice is objectionable. The prices of metals vary with the 
fluctuations of the market, and if the assayer fixed the price, 
the date of his report would be all important ; if, on the other 
band, he takes a fixed price which does not at all times agree 
with the market one, it leaves a path open for the deception of 
those unacquainted with the custom. American " dollars on the 
ton of 2000 lbs." may be converted into " ounces in the ton of 
2240 lbs." by dividing by 1.1544 in the case of silver, and by 
18.457 in the case of gold. 

Laboratory Books and Beport Forms. — ^The record which 
the assayer makes of his work must be clear and neat, so that 
reference, even after an interval of years, should be certain and 
easy. One method should be adopted and adhered to. Where 
there are a large number of samples, three books are required. 

Sample Book, — This contains particulars of the samples (marks^ 
&c.), which are entered by the office-clerk as they arrive. He at 
the same time puts on each sample the distinguishing number. 

Example of Page of Sample Book. 



Date. 


Number. 


Samplf. 


Bemarks. 


Feb. I 
.> 2 
it 
tt 

ft 
«« 

♦» 


482 
X 

483 
73 

491 

1 J.T. 

2 J.T. 


Tough Copper 
Piece of Metal 
Tough Copper. 
Silver Precipitate, 

4 casks, 24 cwt. I qr. . 
Purple Ore, 200 tons. 
Lead Ore, i J.T. . 
„ 2 J.T. 


For Arsenic. 
For Ni and Cu. 

With Letter. 
From Corsica. 



Laboratory Book. This is the Assayer*s note-book, in wliich he 
enters clearly the particulars of his work — the results obtained^ aa 
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well as how these results were arrived at. The calculations shoold 
be done on scrap-paper, and should not be entered, although, of 
course, detail enough must be shown to enable the results to be re- 
calculated. 

Example of Page of Laboratort Book. 



Purple Ore 
19/10/89 


0.0042 grm. 
0.0021 „ 


SgramB 


Colorimetric 0.0063 x 20 


=» o.i37„ Copper 


482 

Tough Copper 

Feb. 1/89 


ia5 CO. Uranium. 


10 grams 
= 0.527, Arsenic 


2082 
Tough Copper 


12.7 c.c. Uranium. 


10 gram.s 
as a637. Arsenic 


491 
Tough Copper 

Feb. 1/89 


13.7 CO. Uranium. 


ID grams 
« 0.687, Arsenic 



Standard of Uranium acetate. 

0.150 gram Ap,0, = 23.3 c.c. Uranium 
.*. 100 CO. Uranium = 0.5 gram As. 



10071 

Tin Ore 

Feb. 3/89 



Cruc. and SnO, 9.6065 grms. 
Cruc. and Ash 9.4235 



f> 



S::Oj =0.1830 



5 grams 



2.887, Tin 



The Assay Booh. — ThLs is the Official book, and is a combination 
of the Sample and Laboratory books. It corresponds with the 
report-forms. Without being loaded with detail, it should contain 
sufficient to characteiise each sample. 



miEODUCTORY. 
ExAMPLB OF Page of Assay Book. 





£ 


1 


'"".."."■»■' 


» 


Catt 


MMh!=]. 


Weight. 


'1' 


Feb.! 


ToiiEh oato pnpper 
Toufheitsooppsr 
Tough (Hke copper 

Nlekel dlto toe CJB,. 
Silver predpitatc, 

PorploorB 




ewt 


qri 


IbE. 


4Bq 

s 

4« 


del. 


Copper 73 -1 

fi; ' ^ 

Silver, 4.851 

I'eiS', .9.37'^ 

Silver, 1564.1 o™per ton 



When the number of samples is small, the Sample Book may be 
omitted, and the entries made in the Assay Book as the samples 

Eeport-forms. These shovdd entail as little writingas possible in 
making out tho report. For general purposes the form given 
on p. 12 is useful. 

The quantity of substance to be taken for any particular 
assay depends largely upon the method of assay adopted. There 
.are, however, some general considerations which should be remem- 
bered, and some devices for simplifying the calculations which 
should be discussed. 

The smaller the percentage of the substance to be determined, 
the larger should be the amount of the ore taken. The following 
•table will give a general idea as to this : — 



xdeteno 
10-5 


oed. 


be neiglied. 

I gr^'n- 

2 grama. 


o.i'^.'c 


, 


20 „ 



The rougher the method of assay adopted, the larger should be 
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the qiwutity of ore taken. If the degree of accuracy attainable 
with the methods and instruments at the assnyer's service ia 
known, it is easy to calculate what quantity should be taken for 
any particular case. If the results are good within o.ooi gram, 
then, taking i gram of ore we con repoi-t within o.i per cent., or 
if they are good within o.oooa gram, taking zo grams of ore, we 
can report within i part per 100,000, or very closely within 
6J dwt. to the ton. If it ia wished to be yet more particular in 
reporting, larger quantities must be taken. The difficulty of 
manipulating very small or very large precipitates, ic, must be 
borne in mind. So, too, must the fact that the greater the weight 
of the final product of an assay, the less, as a rule, is the percent- 
age error. The distinction between absolute and percentage error, 
often overlooked, ia important. If 0.5 gram of silver be cupelled 
with 20 grams of lead, there may be obtained a button of 0.495 
gram ; the absolute loss is 0.005 S'^'^'i "^^ ^^^ equals 1 per cent, 
of the silver present. Similarly, cupelling o. i gram, the resulting 
button may be 0.098 ; the absolute loss is only 0.002 gram, but this 
equals z per cent, of the silver present. In the same way the 
student should see that the two results, 91.5 per cent, and 92.0 
per cent., are really more concordant than the results g, i per cent, 
and 9.2 per cent. 

A device often adopted in practice where a large number of 
assays of one kind are made, and the report is given as so many 
ounces or pounds to the ton, is that known as the assay ton. The 
assay ton may be any arbitrary and convenient weight, but its 
subdivisions must bear to it the same relations as pounds and 
ouncea bear to the actual ton. On the other hand, in a labora- 
tory where many kinds of work are performed, different seta of 
weights of this kind would only tend to confusion, even if they 
were not unnecessary. With a set of graia weights and its sub- 
divisions anything may be done. If it is desired to report as 
pounds to the ton, then, since there are 2240 lbs. to the ton, a 
weight of 2.240 grams may be taken as the assay ton, and each 
O.OOI gram yielded will equal i lb., or 22.4 grams may represent 
the ton, and each o.oi gram a pound. Similarly, since there are 
32,666.6 ozs. troy to the ton; if we take 32.6667 grams as the 
assay ton, each o.ooi gram will equal 1 oz. to the ton. In some 
cases it may be convenient to have, in addition to the usual gram 
weights, one or other of the " assay tons " mentioned above, but 
generally it is better to work on a purely decimal system, and 
convert when required into ounces per ton, itc, either by actual 
calculation or by reference to a set of tables. 
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Pbactioal Exebcises. 
The student should practise such calculations as the following:-* 

1. Calculate the percentages in the following cases : — 

(a) Ore taken, 2 grams ; copper found, 0.2155. 

(b) „ 1.5 gram ; iron found, 0.834a 

(c) „ 30 grams ; lead found, 23.2. 

2. Calculate the parts per thousand in the following : — 

(a) Bullion taken, i.i gram; silver found, 1.017. 

(b) „ 1. 14 gram ; silver found, 1.026. 

(c) „ 0.6 gram ; gold found, 0.550a 

3. Calculate parts per 100,000 in the following : — 

(a) Ore taken, 20 grams ; silver found, 0.0075. 
(6) „ 50 grams ; gold found, 0.0026. 

(c) Water taken, 500 c.c. ; solids found, 0.1205. 

4. Calculate cwts. to the ton in the following : — 

(a) Ore taken, 5 grams ; tin found, 2.816. 
(6) „ 5 grams; tin found, 3.128. 

(c) An ore with 68.2 per cent, of tin. 

5. Calculate lbs. to the ton in the following : — 

(a) An ore with 3.28 per cent, oxide of tin. 

(b) Ore t^en, 20 grams ; oxide of tin found, i ,67* 

6. Calculate ozs. (troy) to the ton in the following : — 

(a) Ore taken, 50 grams ; gold found, 0.0035. 
(&) „ 20 grams ; silver found, 0.0287. 

(c) „ 25 grams; sUver found, 0.0164. 

7. Calculate In grains per gallon : — 

(a) 0.51 gram per litre. 

(b) 24.6 parts per 100,000. 

(ei Solution taken, 100 c.c. ; copper found, 0.0045 gram* 
(a) „ 50 c.c. ; iron found, 0.165 gram. 

8. Convert into ozs. (troy) per ton :— 

(a) 7 loths per centner. 

(b) 30 grams per quintal. 

(c) 15 parts per 100,00a 
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METHODS OP ASSAYING.— DHT GBAVIMETBIC 

METHODS. 

The methods of assaying are liest classed under two heads, Gravi- 
metric and Volumetric, in the former of which the final results 
are weighed, whilst in the latter they are measured. A commoner 
and older division is expressed in the terms much used in practice 
— wet assays and dry assays. Wet assays include all those in 
■which solvents, &c. (liquid at the ordinary temperature), are 
mainly used ; and dry assays, those in which sohd re-agents are 
almost exclusively employed. Dry assays form a branch of gravi- 
metric work, and we shall include under this head all thoss< 
nssnys requiring the help of a wind furnace. Wet assays, as 
generally understood, would include not only those which wo 
class as wet gravimetric assays, but also tdl the volumetric 



Oravimetric Methods aim at the separation of the substance 
from the other matters present in the ore, so that it may bo 
weighed ; and, therefore, they must yield the w?iole of the sub- 
stance in a pure state. It is not necessaiy that a metal should bo 
weighed as metal ; it may be weighed in the form of a compound 
of definite and well known composition. For example, one part 
by weight of silver chloride contains (and, if pure, always contains) 
o,7S27part of silver ; and a quantity of this metal can be as exactly 
determined by weighing it as chloride as by weighing it in the 
metallic state. But in either case the metal or its chloride must 
be pure. 

Exact purity and complete separation are not easily obtained ; 
and methods are used which are defective in one or both of these 
respects. It is well to note that an impure product increases the 
result, whilst a loss of the substance decreases it ; so that if both 
defects exist in a process they tend to neutrahse each other. Of ' 
dry methods generally, it may be said that they neither give the ■ 
whole of the substance nor give it pure ; so that they are only 
calculated to show the amount of metal that can he extracted on i 
a manufacturing scale, and not the ai'tual quantity of it present. . 
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Their determinations are goneniUy rough and always low. The 
gold and silver determinations, however, will compare very 
favourably ^\ith any of the other processes for the estimation of 
these metals in their ores. 

The calculation of the results of a gravimetric assay has already 
been referred to. If the result is to be stated as percentage, it 
may always be done by the following rule : — Multiply the weight 
of the substance get hij Hie percentage of metal it contains, and 
divide by tJie weight of ore taken. 

Gravimetric methods nro di\nded into three groups: (i) me- 
chanical separations ; (2) dry methods ; and (3) wet methods. 

Mechanical Separations. — Under this head are classed the 
method of assa3ring tin ores, known as vanning, and the amalga- 
mation assay for gold. A set of sieves to determine the relative 
proportion of powders of different degrees of fineness is sometimes 
useful. A set with 10, 20, 40 and 80 meslies to the inch is con- 
venient. 

Dry Assays. — An important distinction between wet and diy 
methods of assaying is, that in the former the substance is got 
into the liquid state by solution, whilst in the latter fusion is 
taken advantage of. 

The difference between solution and fusion is easily illustrated : 
;a lump of sugar heated over a candle-flame melts or fuses ; sus- 
pended in water it dissolves. Many substances which are insolu- 
ble or infusible of themselves, become soluble or fusible when 
mixed with certain others \ thus, in this way, solution is got with 
the aid of reagents, and fusion with the help of fluxes. For ex- 
ample, lead is insoluble in water, but if nitiic acid be added, the 
metal rapidly disappears. It is convenient, but somewhat in- 
accurate, to say that the acid dissolves the lead. If the lead be 
acted on by nitric acid alone, without water, it is converted into * 
white powder, which does not dissolve until water is added ; in 
this case it is obvious that the water is the solvent. The function 
•of the acid is to convert the lead into a soluble compound. 

Fluxes may act as true solvents. Fused carbonate of soda 
dissolves baric carbonate, and perhaps in many slags true solu- 
tion occurs ; but in the gi^eat majority of cases a flux is a solid 
reagent added for the purpose of forming a fusible compound with 
the earthy or stony minerals of the ore. Few of the minerals 
which occur in the gangue of an ore are fusible ; and still fewer 
are sufficiently fusible for the purposes of the assayer, conse- 
quently the subject is one of importance, and it ought to be 
treated on chemical principles. An idea of the composition of 
. some of the more frequently occurring rocks may be gathered 
.from the following table, which represents rough averages :— 
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Silka, 


AlDinini. 


Oniile of 


".w"^ 


AlkBli«. 




ite, &o 

Granite, gneiss, quartz- 
porphyiy, fire-clay, &.i;, 

Mica-acliist 

Trachyte, syenila . , . 

Clay-slate 

Diocite 

Hornblende -rock . , . 

Brick-olay 

China-clay 

Basalt, dolerito. &c, . . 

Serpentine 

Chalk, limestone, dolo- 
mite, &c 


7. 

Sd-ioo 

6S 
60 
60 
54 
50 
50 
47 
50 
44 


% 

13-20 
IS 
98 

\l 

34 
39 
IS 


7. 

5 
7 

IS 


7c 

2 
3 
9 

6 

16 
44 

43-55 


flay. 

3 
3-4 
3-4 

3 


B 


Silica itself, and the silicates of alumina, of lime, and of mag- 
DBsia, are practically infusilile ; tlie silicates of soda, of potash 
and of iron are easily fusible if the base (aoda, potash, or oxide ol 
iron) be present in siifficient quantity, and if, ia the case of the 
roD, it is present mainly aa lower oxide (ferrous silicate). The 
addition of lime, oxide of iron, or alkali to silicate of alumina 
results in the formation of a double silicate of alumina and lime, 
□r of alumina and iron, &e., all of which are easily fusible. 
Similarly, if to a silicate of lime we add oxide of iron, or soda, or 
even alumina, a fusible double silicate ivill be formed. Thus lime, 

luxes would tend to atiflen and render pasty the resulting slag. 
Jo, too, soda, which is a veiy strong base, may act prejudit^y if 
t be in sufficient excess to set free notable quantities of lime and 

IS complex fusible silieates. There are many minerals which with 
mt little soda form a glass, but with more yield a lumpy scoria^ 

basic (for example, calcite), and which, when present, demand 
sither a less basic or an acid flux according to the proportions in 
which they exist. For purposes of this land borax, or glass, or 

ar the most generally useful. An ' objection to too basic a slag 
and a very important one) is the speed with which it corrodes 
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1 
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ordinary crucibles. These crucibles, consisting of quartz and day, 
are i-jipidly attacked by lime, soda mid bases generally. 

In considering what is and what is not a good slag, certain 
chemical properties are of impoi-tance. If a mixture of many 
substances be fused and allowed to solidify in a crucible, there 

will be found some or all of the fol- 

l-l-FusiMe c\ioriJcs,rfc. lowiug. At tho bottom of the crucible 

l—s/ajr (fig. 4) a button of metal, resting on 

^—jie;rt,ius this a speise ; then a regulus, next a 

Kl-^^giZ slag made up of silicates and borates 

and metallic oxides, and lastly, on the 
"^ top another layer of slag, mainly made 

' ' ^' up of fusible chloiides and sulphates. 

In assaying operations the object is generally to concentrate the 
metal sought for in a button of metal, speise or regulus, and to 
leave the earthy and other impurities as far as possible in the 
slajLT ; whether there be one or two layers of slag is a matter of 
inclillerencc ; * but tho chemical action of tho lower layer upon the 
speise, or regulus, or metal, is of grejit importance. 

A regulus is a compound of one or more of the metals with 
sulphur ; it is usually brittle, often crystalline, and of a dull 
somewhat gi'easy lustre. It is essential that the slag, when solid, 
shall be so much more brittle than the regulus, that it shall be 
easy to crumble, and remove it without breaking the latter ; and 
it must not be basic. The efFect of fusing a regulus with a basic 
slag is well seen when sulphide of had is fused with carbonate of 
soda ; the result is a button of motal (more or less pure), and a 
slag containing sulphides of lead and sodium ; and again, if sul- 
phide of lead be fused with an excess of oxide of lead, a button 
of lead will be got, and a slag which is simply oxide of lead (with 
whatever it may have taken up from the crucible), or if a suffici- 
ent excess has not been used, oxide of lead mixed with some sul- 
phide. When (as is most frequently the case) the desire is to 
prevent the formation of regulus, these reactions may be taken' 
advantage of, but otherwise the use of a flux having any such, tcfb 
dency must be avoided. A good sla<y (from which a regulus may 
be easily separated) may bo obtainea by fusing, say, 20 grams w 
ore with borax 15 grams, powdered glass 15 grams, fiuor spar, 
20 grams, and lime 20 grams ; by quenching the slag in water 
as soon as it has solidified, it is rendered very brittle. 

Sulphide of iron formed during an assay will remain diflEused 

* There is an exception to this, as when the slag is liable to be acted on 
when exposed to the air and to the gases of the furnace*. In this cose a 
layer of fused common salt floating on the slag, so as to protect it from th« 
air and furnace gases, is a distinct advantage. 
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througli the sla^, instead of fusing into a button of regulus, if the 
slag contain sulphide of sodium. The same is true of other sul- 
phides if net present in too great a quantity, and if the tempera- 
ture is not too high. 

Speises are compounds of a metal or metals with arsenic. 
They are chiefly of interest in the metallurgy of nickel, cobalt, 
and tin. They are formed by heating the metal or ore m covered 
crucibles with arsenic and, if necessary, a reducing agent. The 
product is fused with more arsenic under a slag, consisting mainly 
of borax. They are very fusible, brittle compounds. On expo- 
sure to the air at a red heat the arsenic and the metal simul- 
taneously oxidize. When iron, cobalt, nickel, and copper are 
present in the same speise, they are eliminated in the order 
mentioned. 

Slags from which metals are to be separated should not be 
too acid ; at least, in those cases in which the metal is to be 
reduced from a compound, as well as separated from earthy 
impurities. Where the object is simply to get a button of metal 
from a substance in which it is already in the metallic state, but 
mixed with dross (made up of metallic Oxides, such as those of 
zinc or iron), from which it is desired to separate it, an acid flux 
like borax is best ; or, if the metal is easily fusible, and there 
would be danger of loss of metal by oxidation or volatilising, it 
may be melted under a layer of resin or fat. Common salt is 
sometimes used with a similar object, and is often useful. Under 
certain conditions, however, it has a tendency to cause the for- 
mation of volatile chlorides with a consequent loss of metal. 

In the great majority of cases, the fusion of the metal is 
accompanied by reduction from the state of oxide ; in these the 
slag should be basic. It is not easy to reduce the whole of a 
reducible oxide (say oxide of copper or of iron) from a slag in which 
it exists as a borate or silicate ; there should be at least enough 
soda present to liberate it. When the object is to separate 
one metal, say copper, without reducing an unnecessary amount 
of another (iron) at the same time, a slag with a good deal of 
borax is a distinct advantage. The slag then will probably not be 
free from copper, so that it will be necessary to powder and mix 
the slag with some soda and a reducing agent, and to again fuse 
the slag in order to separate this residual metal. In all those 
cases in which the slag retains an oxide of a heavy ifietal, this 
cleaning of the slag is advisable, and in the case of rich ores 
necessary. Slags containing sulphides are especially apt to retain 
the more easily reducible metals. 

The following are the ordinary and most useful fluxes :— 

Soda. — The powdered bicarbonate, sold by druggists as "car- 
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bonate of soda," is generally used. It gives off its water and 
excess of carbonic acid readily and without fusion. Where the 
melting down is performed rapidly, the escaping gas is apt to 
cause trouble by frothing, and so causing waste of the materiaL 
Ordinary carbonate of soda, when hydrated (soda crystals), melts 
eaisily, and gives off its water with ebullition. It is unfit for use 
in &<$sayin^, but when dned it can be used instead of the bicar- 
bonate. One part of the dried carbonate is cqui\*alent to rather 
more than one and a half parts of the bicarbonate. From two 
to four parts of the flux are amply sufficient to yield a fluid slag 
with one part of earthy matter. Tiiis statement is also true of 
the fluxes wlii(;h follow. 

Borax is a hydrated biborate of soda, containing nearly half its 
weiglit of water. When heated it swells up, loses its water, and 
fuses into a gLiss. The swelling up may become a source of loss 
in the assay by pusliing some of the contents out of the crucible* 
To avoid this, fused or drM horax may be used, in which case a 
little more than half the amount of borax indicated will suffice* 
Borax will flux almost anytliing, but it is especially valuable in 
fluxing lime, <S:c., and metallic oxides ; as also in those cases in 
which it is desired to keep cei-tain of the latter in the slag and oat 
of the button of metal. 

Oxide of Iiead, in the form of red lead or litharge, is a valu- 
able flux ; it easily dissolves those metallic oxides which are either 
infusible or difficultly fusible of themselves, such as oxides of iron 
or copper. The resulting slag is strongly basic and very corrosive ; 
no crucible will long withstand the atUick of a fused mixture of 
oxides of lead and copper. With silicates, also, it forms very 
fusible double silicates ; but in the absence of silicates and 
borates it has no action upon lime or magnesia. Whether the 
lead be added as litharge or as red lead, it will e2dst in the slag as 
monoxide (lithar<re) ; the excess of oxygen of the red lead is uius 
available for oxidising purposes. If this oxidising power is pre- 
judicial, it may bo neutralised by mixing the red lead with i per 
cent, of charcoal. 

Glass : broken beakers and flasks, cleaned, dried, and powdered 
will do. It should be free from lead. 

Fluor : fluor-spar as free as possible from other % minerals, 
powdered. It helps to flux phosphate of lime, <kc., and infusible 
silicates. 

Iiime : should be fresh and powdered. It must not be slaked. 
Powdered white marble (carbonate of lime) ^vill do ; but nearly 
double the quantity must be taken. One part of lime produces 
the same effect as 1.8 parts of the carbonate of lime. 

Tartar and ^^ black flux," are reducing agents as well as fluxes 
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The ^* black flux," whicli may be obtained by beating tartar, is a 
mixtiu'e of carbonate of potash and charcoal. 

Beducing Agents. — The distinction between reducing agents 
and fluxes (too often ignored) is an important one. Fluxes yield 
slags ; reducing agents give buttons of regulus or of metal. The 
action of a reducing agent is the separation of the oxygen or 
sulphur from the metal with which it is combined. For example, 
the mineral anglesite (lead sulphate) is a compound of lead, sulphur, 
and oxygen ; by carefully heating it with charcoal the oxygen is 
taken away by the charcoal, and a regulus of lead sulphide 
remains. If the regulus be then fused with metallic iron the 
sulphur is removed by the iron, and metallic lead is left. The 
charcoal and the iron are reducing agents. But in defining a,^ 
reducing agent as one which removes oxygen, or sulphur, from a 
metallic compound so as to set the metal free, it must be re- 
membered that sulphur itself will reduce metallic lead from fused 
litharge, and that oxygen will similarly set free the metal in fused 
lead sulphide. There is no impropriety in describing sulphur as 
a reducing agent; but it is absurd to call oxygen one. Some 
confusion will be avoided if these substances and those which 
are opposite to them in property be classed as oxidising and de- 
oxidising, sulphurising, and de-sulphurising agents. Most oxidis- 
ing agents also act as de-sulphurisers. 

T?ie de-oxidising agents most in use are the following : — 

Charcoal. — Powdered wood charcoal ; it contains more or less 
hygroscopic moisture and about 3 or 4 per cent, of ash. The rest 
may be considered carbon. Carbon heated with metallic oxides 
takes the oxygen ; at low temperatures it forms carbon dioxide, 
and at higher ones, carbon monoxide. Other conditions besides 
that of temperature have an influence in producing these results ; 
and as the quantity of charcoal required to complete a definite 
reaction varies with these, it should be calculated from the 
results of immediate experience rather than from theoretical 
considerations. 

Flour. — Ordinary wheat flour is convenient in use. On being 
heated it gives off" inflammable gases which have a certain re- 
ducing effect, and a residue of finely divided carbon is left. It is 
likely to vary in the quantity of moisture it contains. Two parts 
of flour should be used where one part of charcoal would be other- 
wise required. 

Tartar. — This is crude hydric potassic tartrate ; the pririfled 
salt, cream of tartar, may be used. On being heated it gives off 
inflammable gases, and leaves a residue formed of potassic 
carbonate mixed with finely divided carbon. Five parts of tartar 
jshould be used in the place of one of charcoal. 
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STseiuc aod sulpliur being with di^culty burnt off from the clotfa 
miiieral. A low temperature, however, favoura the formation of 
sulphates ; and these (if not removed) would reappear in a subse- 
quent redaction as sulphides. These sulphates may be demmposed 
by a higher temperature towards the end of the operation ; their 
removal is rendered more certain by rubbing up the calx with 
Bome culm and re-roasting, or by strongly heating the calx after the 
addition of solid amnionic carbonate. In roasting operations, as 
large a surface of the substance as possible should be exposed to the 
ail-. If done in a crucible, the crucible should be of the Comiah 
type, short and open, not long and narrow. For calcinations, 
roasting dishes are useful : these are broad and shallow, not unlike 
BftuCKB, but unglazed. In those cases i:i which the producte of 
the roasting are Uquid at the temperature used, a scarifier (fig. 38) 
is suitable if it is desired tokeep the liquid ; but if the liquid is best 
drained off as quickly as it is formed, a capei (fig. 5) should be used. 



Fio. 5. 
A scorifier is essentially a roasting dish sufficiently thick to resist, 
for a time, the corrosive action of the fused metallic oxides it is to 
contain. The essential property of a cupel is, that it is sufficiently 
porous to allow the fused oxide to drain into it as fast as it is 
formed. It should be large enough to absorb the whole of the 
liquid ; and of course must be made of a material upon which the 
liquid has no corrosive action. Cupels do not bear transport 
well ; hence the assayer generally has to make them, or to super- 
vise their making. A quantity of bono ash is carefully mixed with ' 
water so that no lumps are formed, and the mixture is then 
worked up by rubbing between the hands. The bone ash is suf- 
ficiently wet when its cohesion is such that it can be pressed into a 
lump, and yet be easily crumbled into powder. Cupel moulds should 
he purchaBod. They are generally made of turned iron or brass. 
They consist of three parts (i) a hollow cyhnder ; (2) a disc of 
metal ; and (3) a piston for compressing the bone ash and shaping 
the top of the cupel. The disc forms a false bottom for the 
cylinder. This is put in its place, and the tylinderfilled (or nearly 
60) with the moistened hone ash. The bone ash is then pressed 
into shape with the piston, and the cupel finished with the help of 
three or four small blows from a mallet. Before removing the 
piston, turn it half-way round upon its axis so as to loosen and 
■mooth the face of the cupel. '. The cupel is got out by pressing up 
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the disc of metal fonning tlie false bottom , the removal L 
easily effected if the mould is somewhat cooic^I, mstead o£ cyhn- 




drical, in foiin. The cupels nre putinaiiarm place to dry for two 
or three days, A convejiirntly sized tipcl la i^ ittchea I 
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There are two kinds of furnaces required, the "wind" and 
" muffle " furnaces. These are built of brick, fire-brick, of course, 
being used for the lining. They are connected with a chimney 
that will provide a good draught. Figure 6 shows a section of the 
wind furnace, fig. 7 a section of the muffle furnace, and fig. 8 
a general view of a group comprising a muffle and two wind fur- 
naces suitable for general work. When in operation, the fur- 
naces are covered with iron-bound tiles. The opening under the 
door of the muffle is closed with a loosely fitting brick. The floor 
of the muffle is protected with a layer of bone-ash, which absorbs 
any oxide of lead that may be accidentally spilt. The fire bars 
should be easily removable. 

Few tools are wanted ; the most important are some cast-iron 
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moulds, tongs {G.g, 9), stirrers for calcining (fig. 10), and light tongs 
of a special form for handling scoiifiers and cupels {see Silyeb). 



:^ 
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The coke used should be of good quality ; the formation of a 
fused ash (clinker), in any quantity, causes ceaseless trouble, and 
requires frequent removal. The coke should be broken into lumps 
of a uniform size (about 2 in. across) before being brought into the 
ofiice. The furnace should be well packed by stirring, raising the 
coke and not ramming it, and it should be uniformly heated, not 
hot below and cold above. In lighting a furnace, a start is made 
with wood and charcoal, this readily ignites and sets fire to the 
coke, which of itself does not kindle easily. 

In commencing work, add (if necessary) fresh coke, and mix 
well; make hollows, and into these put old crucibles; pack 
around with coke, so that the surface shall be concave, sloping 
upwards from the mouths of the crucibles to the sides of the 
furnace ; close the furnace, and, when uniformly heated, substitute 
for the empty crucibles those which contain the assays. It is 
rarely advisable to have a very hot fire at first, because with a 
gradual heat the gases and steam quietly escape through the un- 
fused mass, while with too strong a heat these might make some 
of the matter in the crucible overflow. Moreover, if the heat 
should be too strong at first, the flux might melt and run to the 
bottom of the emcible, leaving the quartz, <S:c., as a pasty mass 
above; with a gentler heat combinaticn is completed, an^ \)aa 
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subsequent fiereer heat simply melts the fusible oompoand into 
homogeneous slag. 

The fused material may be left in the crucible and separated 
from it by breaking when cold. It is generally more oonvenient 
to pour it into cast-iron moulds. These moulds should be dry and 
smooth. They act best when wai*med imd oiled or black-leaded. 

Air entering through the fire-bars of a furnace and coming in 
contact with hot coke combines with it, forming a very hot mix- 
ture of carbonic acid and nitrogen; this ascending, oomes in 
contact with more coke, and the carbonic acid is reduced to car- 
bonic oxide ; at the top of the furnace, or in the flue, the oarbome 
oxide meeting fresh air, combines with the oxygen therein and 
re-forms carbonic acid. In the first and third of these re- 
actions, much heat is evolved ; in the second, the furnace is cooled 
a littla It must always be remembered, that the carbonic oxide 
of the furnace gases is a reducing agent. When these gases are 
likely to exert a prejudicial effect, and a strongly oxidising atmo- 
sphere is required^ the work is best done in a mt^JU. 



CHAPTER m. 
WET GBAVIMETHIC METHODS. 

In dry assays tLe metal Ls almoKt always sepai-ateil and 
as metal J in wet gravimetric assays the metnl is more usually 
weighed in the form of a definite compound of known oomposi- 
tion. The general methods of working resemble those of ordinary 
chemical analysis, and theii' successful woiking is greatly helped 
by a knowledge of, at any i-ate, those compounds of the metal 
which enable it to be separated, and of those which are the most 
convenient forms in which it can he weighed. But the work at 
the assayer differs from that of the analyst, inasmuch as the bulk 
of his estimations are made upon mRterial of practically the same 
kind, varying only in richness ; consequently in assaying, it is 
possible (and necessary) to work on such a definite plan us will 
involve the least amount of lahonr in weighing and calculating. 

The assayer connected with mining has generally two classes of 
material to deal with : those comparatively licb and those com- 
paratively poor. For example, silver in bullion and in ores ; 
copper precipitates or regnlus, and copper ores Ettid slags ; and 
" black tin " and tin ores. He is only occasionally called on to assay 
the intermediate products. It is indispensable that he should have 
an approximate knowledge of the substance to be determined. 
With new ores this information is best got by a qualitative test- 
ing. Knowing that only certain bodies are present, it is evident 
that the number of separations can bo reduced, and that simple 
m.etho(iB can be devised for arriving at the results sought for. 
The best method ia that which involves the least number of 
separations. The reactions must be shai'p and complete, and 
yet not be liable to error under varying couditions. 

To bring the richer and poorer materials under the same condi- 
tions for the assay, a small weight, say i gram of the richer, 
and a larger weight (g or lo gi'ams) of the poorer, substance ia 
weighed up. A method is then adopted which will concentrate 
the whole of the metal (either during or after solution) in a. product 
which need not necessarily be pure. The woik on this product is 
comparatively easy. In separating small quantities of a substance 
from a large bulk of impurities, the group separations must not 
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as a rule be too much relied od. Very large precipitates cany 
down small quantities of bodies not belonging to the group, more 
•especially when there is a tendency to form weak doable com- 
pounds. The re-dissolving and re-precipitating of bulky pre- 
cipitates should be avoided. 

When a large number of assays of the same kind have to he 
caiTied out, a plan something like the following is adopted : — ^The 
samples, after having been dried, are placed in order on a table at 
the left hand of the assayer. He takes the first, marks it with 
a number, samples and weighs up the quantity required, and 
transfers it to a flask, which is similarly marked. As the 
weighings are finished, the samples are placed in the same order 
•on his right hand. The assistant takes the flasks in batches of 
four or five at a time to the fume cupboard, where he adds a 
measured quantity of acid. When solution has been effected, 
dilution with a measured volume is generally necessary. The 
assayer sees to this and (whilst the funnels and filters are being 
prepared) makes any separation that is necessary. The filters 
^are arranged in order on a rack (flg. 1 1), and need not be marked 
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•unless the precipitates or residues have subsequently to be dried. 
The filters are washed with hot water, and if the filtrates are 
wanted flasks are placed beneath, if not, the solution is drained 
ofi'down the sink. Precipitation or reduction (or whatever it 
may be) is now made ; the assistant filters the prepared samples, 
one at a time, whilst the assayer is engaged with the others. The 
same style of work is continued until the assays are completed. 
If one should be spoiled, it is better to allow it to stand over for 
assaying along with the next batch. If ono filters slowly or is 
in any way less forward than the rest, it may lessen the 
accuracy of the other assays, owin^ to oxidation, (fcc, it should, 
therefore, be put on one side. The assays are dealt v^ith in 
batches of ten or twenty, so that a large quantity of work can be 
quickly finished. 

When the assays are finished, it is the duty of the assistant to 
clean the apparatus (with reagents, if necessary), and to put the 
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vessels in the place set apart for them. Flasks are hest kept 
inverted on a rack, so that they may be dry and clean by the- 
next morning. Berlin crucibles must be cleaned and ignited. 

The amount of apparatus employed should be as little as is 
feasible. The assay should be carried out as much as possible in 
the same flask. The bench must be clean, and altogether free- 
from apparatus not in actual use. Crucibles and dishes in which, 
weighings are made should be marked with numbers or letters ;. 
and their weights recorded, together with the date of weighing, 
in a small ledger, which is kept in the drawer of the balance. By 
this means a record of the "wear" of each piece of apparatus is- 
obtained, and, what is more important, much weighing is saved,, 
and increased confidence is gained. The weight of each piece of 
apparatus need not be taken daily. It will be seen from the 
record in the book and a knowledge of the use it has been put to- 
how often a checking of the weight is necessary. The entries ara* 
made in black lead as follows : — 

Dish, A. Feb. 3 9.4210 grams; 

5 9.4225 

6 9.4230 

7 9.4200 

Platinum vessels and apparatus lose, and porcelain ones slightly* 
gain, weight with continued use. 

The special details of the work is given under each assay;, 
certain general instructions wiU be giveS here. 

Solution. — ^It is not always necessary to get the whole of tha* 
mineral in solution, provided the body sought for is either com- 
pletely dissolved or altogether left in the residue. It is often only 
by a qualitative examination of the solution (or residue, as the 
case may be) that the assayer can satisfy himself that it is free 
from the substance sought. But previous experience with the 
same kind of ore will show to what extent this testing is neces- 
sary. 

Solution is generally best effected in flasks; but where the 

resulting Hquid has afterwards to be evaporated ^ 

to dryness and ignited, evaporating dishes (fig. K _^ . 

12) are used. With them clock glasses are used V ^■^'^" J 
as covers during solution to avoid loss through \. ^/ 

effervescence. Evaporating dishes are also best ^;^ "^ 

when an insoluble residue has to be collected, ^^^' ^^* 

since it is difficult to wash out most residues from a flask* 
Bumping occurs less frequently in dishes than in flasks. 

After the addition of the acid, and mixing by agitation, ths' 
Vessel containing the substance is heated. This is- best done oih 
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the " hot plate" (fig. 13). This eonsdsts of a slab o^ cast iron 
about half or three-qua iters of an inch thick, supported on loose 
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fire bricks, and heated by two or threa ring burners (figs. 14 and 
15). Tiie burners are connected to the gas supply by means of 
lead tubing, to which they are soldered. Flasks and dishes after 
being put on the plato are not further handled until solution is 
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complete or the evapoi^ation is earned to dryness. The hot plate 
is contained in a cupboard so as to be out of the reach of cold 
draughts. 

The action of the acids and other solvents is desciibed in the 
chapter on Reagents. 

Precipitation. — In precipitating add sufficient of the reagent 
to complete tlio reaction. The student must be on his guard 
against adding a very largo excess, which is the commoner error. 
In some reactions the linishing point is obvious enough; either 
no more precipitate is formed, or a precipitate is completely 
dissolved, or some well-marked colour or odour is developed or 
removed. 

In those cases in which there is no such indication, theoretical 
considerations should keep the use of reagents within reasonaUe 
limits. The solutions of the reagents {see Keagents) &re generallf 
of five or ten per cent, strength. A small excess over that de- 
manded by theory should be suificient. 
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FiltrSrtion. — Solutions are best filtered hot whenever the assn^ 
allows of this being so done. The precipitate should be allowed 
to Eettle, and the clear liquid decanted on the filter with the aid 
of a glass rod if necessary. The filter-paper must not be too 
large, but at the same time it must not be overloaded v/iih the 
precipitate. There should be ample room for washing. For 
general use three sizes of filter-paper are sufficient. Common 
quick filtering-paper (English) is best for most work in assaying. 
The specially prepared paper (S^vedish or Rhenish) is used for 
collecting those precipitates which have to be weighed. The 
papers are folded as shown in fig. 16, and should not project 
above the funnel. The filter-paper works better if damped with 
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hot water. In special cases filtering is hastened by means of an 
air-pump. The apparatus used consists of a water-jet (fig. 17), 
which is connected with the tap, as also with a bottle fitted as 
shown in fig. 18. The pump draws the air out from, the bottle, 
and atmospheric pressure forces the liquid through the filter- 
The bottom of the funnel is provided with a platinum 




Ibne, which supports the filter-paper, and prevents its breaking. 

pje pump is only used in exceptional cases ; nearly all the filtra- 
wis required by the assayer can be made without it. The usual 
Bthods of supporting the funnel during filtration are shown in 
Where the filtrate is not wanted, pickle bottles make 
pivenient supports. After the precipitate has been thrown on 
i filter, it is washed. In washing, several washings with a 
lall quantity of water are more effective than a few with a 
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larger quantity of that fluid. Tlie upper edgo of the filtei'-pa^ 
is specially liable to escape complete washing. Excessive washing 
must he avoided ; the poiot at which the washing is complete is 
found by collecting a little of the filtrate and testing it. Xbe 
precipitate is removed from the filter-paper for further treatment 
by opening out the paper and by washing the precipitate with a 
jet of water from a wash-bott!e into a beaker, or back through 
the funnel into the finsk. In i<oine cases, when the precipitate has 
to be dissolved in anything in which it is readily soluble, solutionis 
effected in the filter itself allowing the liquid to run through asit 
is formed. 

Drying and Igniting. — Precipitates, as a rule, require drjinj 
before being ignited. With small precipitates the filter-paper 
may be opened out, and placed on a warm asbestos slab till d^; 
or the funnel and the filter with the precipitate is placed in ■ 
t, warm place, and supported by any con- 

venient means. The heat must never 
be sufficient to char the p.iper. Some 
precipitates must he dried at a tern- 
peiature not higher than 1 00° C. These 



e placed in the water-oven (fig. ao), 

and, when apparently dry, they are 

taken from the funnel, placed betweai 

glasses, and then left in the oven till 

they cease to lose weight. Such 

cipitates are collected on tared filters. 

Those precipitates which will stand 

higher temperature are dried in the 

hot-air oven at a temperature of from 

120° to 150°. The drying is contJnBed 

p until they appear to be free from 

turo, and until the precipitate cea 

adhere to the filter. In drying sulphidea the heat must not be 

raised to the melting point of sulphiir, since, if there is any free 

sulphur present, it fuses and filters through. 

The precipitate, having been dried, is transferred to a watch- 
glass. The filter-paper is opened out over a sheet of note- 
paper, and, with a came!-hair brush, the precipitate is gentt; 
brought into the glass. Most precipitates come away easily, and 
the transfer can be made without apparent loss. The watch-g]a» 
is covered by the funnel, and the filter-paper (folded into a quad- 
rant) held by the tweezers and set fire to with the flame of t 
Bunsen burner. It ia allowed to burn over the crucible, into 
which the black bulky ash ia allowed to drop, and two or thre* 
drops of nitric add are then added. The crodble is placed on» 
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pipe-stem triangle (fig'. 21), eupported od a tripod. It if 
heated gently with a Bunsen burner, and afterwards n 
until the residue is free from carbou. It is 
cooled, and treated with any acid necessary 
to convert the small amount of precipitate 
into the state in which it is to be weighed ; 
heated again, and cooled. The main pre- 
cipitate is transfeiTed to the crucible, and 
. the heating repeated very gently at first, 
but more strongly towards the end of tho 
operation. It is next placed in the muffle, Fio. zi. 

and, after two or three minutes at a red heat, 
it is removed and allowed to cool in the desiccator before weighing. 
This is for bodies that will bear a red heat ; for those compounds 
that require a lower temperature the heating in the mufde is 
omitted. The muffle used for this purpose must not be used at 
the same time for cupelling ; a gas muffle (fig. 22), such as one of 





Fletcher's, is best. A desiccator (fig. 23) is an air-tight vessel which 
prevents access of moisture, ic, to the substance. Usually the air 
in it is kept dry fay means of a basin containing sulphuric add. 

The crucible is removed from the muffle with the tongs and 
carried to the desiccator. It is best, in an office, to have a large 
desiccator permanently fixed alongside the balance, into which all 
substances may be put before being weighed. The substance is 
removed from the bench or muffle in the small hand apparatus 
generally sold, and carried to the balance room to be transferred 
to the large desiccator, where it is allowed to become thoroughly 
cold before being weighed. Twenty minutes is generally the time 
allowed after ignition before it is advisable to weigh. Bodies 
allowed to cool in the air after they have been ignited will absorb 
moisture, and hot bodies placed in the balance-pan will disturb 
the equilibrium and show false results. Compounds that absorb 
moisture must bo weighed quickly ; they should, therefore, be 
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?i:h e^-^p:.r!niU are detected ly 
we jh:. Tiifv should be ignited and 

Substances thftt hav-e be.n A^'J>^^i *itli akoliol, ether, or any 
readily volatile liquid ar« diioJ in tLe vsi«r oven. They quickly 
dry if there is no wnt«r present, i&d ate ^!e&et«lly fit for weigh- 
ing in leBS than one hour. Sometimes diyu^ for * fevr minutes 
only will be sufficient. 

The weight of tlie crucible and pw au ft ate haying been rftttuned, 
the weight of the crudble imd ash is dedocted : for example— 







The weight of the ash is best added to that of the cruciblo. 
The amount of ash in filter-papers must not be n^lec^ed, although 
pepera are now made olmt^ free from ash, ami the amount to 
be deducted is found by taking eight or wo papers and burning 
them until they become white, and tbea wnghing the ash. The 
amount varies from 0.004 to 0.0005 gram for diSVrent papers, 
Unving determined the ash. place in the 
txilunoe- drawer three of the filter-papers pinned 
V together, with the weights marked on them in 
hii wiiy shown in %. £4, so a^ to be readily 
ei'H whoa there is occasion to r^fer to them. 

It moat be remembered that the determination 
of Kmall (piautitie^ of substances generally involves 
the u.ie of reagents which are often contami- 
nated, Bfi &n impurity, with the body sought for. 
Thufl, in assaying ulvor, the oxide of le^id or metallic lead used is 
rarely free from silver ; and in the case of arsenic, the acids, ziucov 
ferric chloride are sure to contain arsenic The same obe^vatioa 
applies to the precipitation of lead by lanc, &c. The errors caused 
by these impurities nre more marked in the determination of 
material having small quantities of metal tlian in that ot ores 
which contain larger quantities. Errors of this kind are counter- 
acted or neutralised by " blank " or " blind " determinations. 
These consist in carrying out by the side of and during the assay a 
duphcate experiment ivith the reagents only, which are thereby 
subjected to the same processes of solution, evaporation, filtration, 
&t:. The final result thus obtained is deducted from that given 
by the assay, the difference gives the corrected result. In some 
'ses, where it is desired or necessaiy to have a tangible ri 
precipitate, some pure inert material is added. 
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CHAPTER IV. 

VOLUMETRIC ASSAYS. 

These have been already described as those in which the results 
are got by measuring, either — (i) thevolumeof a reagent required 
to complete some reaction, or (2) the volume of the resulting 
product. Foi" example, if a permanganate of potash solution be 
added to a solution containing a weighed amount of iivm, dissolved 
in sulphuric acid, the strong colour of the permanganate of potash 
will be removed until a certain quantity of it has been added. 
Repeating the experiment, it will be found that the same amount 
of iron decolorises the same volume of the permanganate solution 
within certain narrow limits of variation, known as "error of 
experiment." This error is due to variation in the method of 
working and to slight differences in the weighings and measur- 
inga; it ia present in all experimental methods, although tho 
limits of vai-iation are wider in some than in others. Apart from 
this error of experiment, however, it is certain that a given 
volume of the permanganate of potash solution corresponds to a 
definite weight of iron, so that if either is known the other may 
be calculated. Similarly, if a known weight of zinc (or of 
carbonate of lime) be dissolved in hydrochloric acid, a gas will 
be given off which can be measured, and so long as the conditions 
of the experiment do not vary, the same weight of zinc (or of 
carbonate of lime) gives off the same volume of gas. The weight 
of the one can be determined from the volume of the other. 

Or, again, the quantity of some substances maybe measured by 
the colour of their solutions, on the principle that, other things 
being equal, the colour of a solutioa depends upon the quantity 
of colouring matter present. So that if two solutions of the same 
substance are equally coloured they are of equal strength. In 
this way an unknown may be compai'ed with a. known strength, 
and a fairly accurate determination may be made. These 
three illustrations serve as types of the three chief classes of 
volmnetric assays — titrometric, gasometric, and colorimetric. 

Titrometrio Aaaays. — Within the limits of the error of ex- 
periment, a definite volume of a solution or gas represents a certain 
weight of metal or other substance, hence the exact weight may be 
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det-ermmed by experiment. T!ie error of experimeiit Ttay bs 
reduced to ineigiii£cant dimeusioiiB by repeating the experiment, 
and taJdng the ineati of three or four determinations. This will 
atthesame time show the amount of variation. Thus, if 0.5 gram 
of iron were dLssolved and found to require 50.3 cubic centimetres 
of the Bolution of permanganate of potash, and if on repeating, 
50.4, SO'2, and 50.3 c.o. were required, the experimenter would to 
justified in saying that 50.3 c.c. of the permanganate solution re- 
present 0.5 gram of iron, and that his results were good within 
o.z c.c. of the permanganate solution. So that if in an unknown 
solution of iron, 50.5 c.c. of the permanganate solution were used 
up,he could state with confidence that it contiuned a little more than 
0.5 gram of iron. With a larger experience the confidence would 
increase, and with practice the experimental error will diminish. 

But supposing that the unknown solution required, say, 100.5 
instead of 50.5 c.c, he would not be justified in saying that,8>nce 
50.3 c.c. are equivalent to 0.5 gram, ioo.6 c.o. are equivalent to 
twice that amount ; and that, consequently, the unknown solution 
contained a little less than i gram of iron ; or, at least, he could 
not say it except he (or some one else) had determined it bf 
experiment. But if on dissolving 1 gram of iron, he found it to 
require 100,6 c.c. of the solution, and in another experiment with 
0.8 gram of iron that 80.3 c.o. of the solution were required, he 
would be justified in stating that tfie volume of solution required 
U proportional to the guantUi/ ofraetal preBent. There are a large 
number of volumetric assays of which this is true, but that it is 
true in any particular case can only be proved by experiment. 
Even where true it is well not to rest too much weight upon it, 
and in all cases the quantity of metal token, to determine the 
strength of the solution used, should not differ widely from that 
present in the assay. There are certain terms wliich should be 
explained here. When the solution of a reagent is applied under 
such conditions that the volume added can be correctly determined, 
the operation is called " titrating," the solution of the reagent 
used the " standard solution," and the process of determining the 
strength of the standard solution ia " standardising." He 
"standard" is the quantity of metal equivalent to 100 c.c. of the 
standard Kolution. 

Standard Solutione. — In making those the salt is accuratdy 
weighed and transferred to a litre flask, or to the graduated 
cylinder, and dissolved. The method of dissolving it varies id 
special cases, and instructions for these will be found under the 
respective assays. Generally it is dissolved in a small quantity of 
liquid, and then diluted to the mark. For those substances that 
require the aid of heat, the solution is made in a pint fiosk, cooled, 




fiosk, cooled, I 
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and transferred; after whicli the flask is well wasLed out. After 
dilution, the liquids in the measuiing vessel must be thoroughly 
mixed by shaking. This is more eaeUy and better done in the 
cylinder than in the litre flask. The solution is next transferred 
to a dry " Winchester " bottle and labelled. The label may be 
r-endered permanent by wasing it. 

Standard solutions should not be kept in a place exposed to 
direct Bunhght. Oxidising and reducing solutions, such as those 
of permanganate of potash, ferrous sulphate, iodine, hyposulphite 
■of soda, ic, gradually weaken in strength; the solutions of other 
salts are more stable ; while those of potassium bichromate and 
baric chloride are almost permanent. Solutions of potassium per- 
manganate may be kept for a month or so without much change. 
The solutions of hyposulphite of soda and of iodine should be 
examined weekly. Ferrous sulphate solutions, if acidulated with 
sulphuric acid, may be depended on for two or three weeks 
withont fresh standardising. Before filling the burette, the 
"Winchester" bottle should be well shaken and a portion of 
about 50 or 100 c.c. poured into a dry beaker or test-glass. Besides 
the standard solutions, which are required for titrating an assay, 
permanent solutions of the metal or acid of equivalent strength 
are very useful. When the finishing point of a titration has been 
overstepped (i.e., the assay has been "overdone"), a measured 
volume, say 5 or 10 c.c, of a solution containing the same metal 
may be added. The titration can then be continued, but more 
cautiously, and the value in "cc" for the quantity added be 
deducted from the final reading. 

Standardising. — Suppose the object is to standardise a solution 
of permanganate similar to that referred to above. A convenient 
quantity of iron {say 0.5 gram) would be weighed out, dissolved in 
dduta sulphuric acid, and the solution titrated. Suppose 49.6 cc. 
of the permanganate solution are required, then 




49.6 



1.008 g 



This result, 1.008 gram, is the "standard." When a. gas is 
measured, the standard may be calculated in the same way. For 
example : with 0.224 gram of zinc, 75.8 c.c. of gas were obtained. 
Then the quantity of zinc equivtdent to 100 c.c. of the gas is got 
by the proportion. 



75- 



.234 



Csing the term " standai'd" 
good: — 



0.29SS gram, 
se, the following rules hold 
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To find the weight of me-tal in a given substance : — Multiply 
the standard by tlie vumbtr af c.c. vstd and divide by loo. For 
example : a piece of zinc was dissolved and the gas evolved 
measured 73.9 c.c. Ttien by the rule. 0.1955 " 73-9 "^ 1°^ should 
give the weight of the piece of zinc. This gives 0.2184 gi^ani. 

To find the percentage of metal in a given substance : — Mid- 
tipljf the standard by the number of c.c. used and divide by tlie weight 
of Buhetwnce taken. For example : if 2 grams of a mineral were 
taken, and if on titrating with the permanganate solution 
(standard 1.008) 60.4 c.c. were required, then 1.008 x ^o!j>i-3 = 
30.44. This is the percentage. Lt^'' 

If the standard is exactly i gram, and i pram of ore is always 
token, these calculations become very simple. The "c.c." used 
give at once the percentage, or divided by loo give the weight; of 

If it is desired to have a solution with a standard exactly 
i.o gram, it is best first to make one rather stronger than this, and 
then to standardise carefully. Divide looo by the standard thus 
obtained and the result will be the number of cc which inu£t 
be taken and be diluted with water to i litre. For example: 
Buppose the standard is 1.008, then looo-r 1.008 gives 992, and 
if 992 c.c. be taken and diluted with water to looo c.c. a solution 
of the desired strength will be obtained. The standard of this 
should be confirmed. A simpler calculation for the same purpoee 
is to multiply the standard by 1000 ; this will give the niimber of 
c.c. to which r litre of the eolution should be diluted. In the 
above example a litre should be diluted to 1008 c.c. 

It has been assumed in these rules that the titration has yielded 
proportional results ; but these are not always obtained. There 
can be no doubt that in any actual re-action the proportion 
between any two re-agents ia a fixed one, and that if we double 
one of these then exactly twice as much of the other will enter 
into the re-action ; but in the working it may very well be that 
no re-action at all will take place until after a certain excess of one 
or of both of the re-agents is present. In titrating lead with ■ 
chromate of potash solution, for example, it is possible that at 
the end of the titration a small quantity of the lead may 
remain unacted on ; and it is certain that a small excess of tjie 
chromate is present in the solution. So, too, in precipitat- 
ing a solution of silver with a standard solution of common salt, 
a point is reached at which a small quantity of each remains in 
solution ; a further addition either of silver or of salt will 
cause a precipitate, and a similur phenomenon has been observed 
in precipitating a hydrochloric acid solution of a sulphate with 
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other of the re-agcEts 
, they may neutmlise each 



baric chloride. The € 
may be large or small ; 
other. Considerations lite these < 
uniformity in the mode of working'. Whether a, process yields 
proportional results, or not, will be seen from a aeries of 
Etandardisinga. Having obtained these, the results should be 
arranged as in the table, placing th^ quantities of metal used in 
the order of weight in the first column, the volumes measured in 
tlie second, and the standards calculated in the third. If the 
results are proportional, these standards will vary more or less, 
according to the delicacy of the process, but there will be no 
apparent order in the variation. The average of the standards 
should then be taken. 



Welglt. 


Volu-ae fouBd. 




0.2355 „ 
0.2^40 „ 


72.9 O.C. 
73-9 .. 
79-9 .. 
S2.3 ,. 
85.9 ,. 


0.2963 
0.2957 
0.29S9 
0.^964 
0.2974 



Any inclination that may be felt for obtaining an appearance 
of greater accuracy by ignoring the last result must be resisted. 
For, although it would make no practical difference whether the 
mean standard is taken as 0.2961 or 0.3963, it is well not to 
ignore the possibOity that an error of 0.4 o.c, may arise. A result 
,ehould only be ignored when the cause of its variation is known. 

In this series the results are proportional, but the range of 
weights (o.2i6 — 0.2555 gram) is small. All processes yield fairly 
proportional results if the quantities vary within narrow limits. 

As to results which are not proportional, it is best to take some 
imaginary examples, and then to apply the lesson to an actual one. 
A series of titrations of a copper solution by means of a solution 
of potassic cyanide gave the followicg results : — 



Copi«.t^«i. 


CjiTiideused. 


Standard. 


0-3 .. 
0-4 » 


II-9C.C. 
23-7 .. 
35-6 .. 
47-6 „ 


0.8403 
0.8438 
0.8426 
0.8403 



These are proportional, but by using a larger quantity of acid and 
ammonia in the work preliminary to titration, we might have had 
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to use I C.C. of cyanide solution more in eaoa case before the 
finishing point was reached. The results would then have been : 



Ck)pper taken. 


Cyanide used. 


Standard. 


O.I gram 

0.2 „ 

0.3 ,» 
0.4 „ 


12.9 CO. 

24.7 n 
36.6 „ 

48.6 y, 


0.7752 
0.8097 
O.8191 
a 8230 



It will be noted that the value of the standard increases with 
the weight of metal used; and calculations from the mean 
standard will be incorrect. 

£7 subtracting the lowest standardising from the highest, a 
third result is got free from any error common to the other two ; 
thus: — 

0.4 gram = 48.6 c.c. " cyanide." 
O.I „ =12.9 



» 



0-3 » =35-7 



»> 



9» 



ft 



If 



And the standard calculated from this corrected result is 0.8404. 
Further, if 0.3 gram requires 35.7 c.a, then o.i gram should 
require 11.9 c.c, or i.o c.c. less than that actually found. 

We may therefore use the following rules for working processes 
which do not yield proportional results. Make a series of two or 
three titrations, using very different quantities of metal in each. 
Subtract the lowest of these from the highest, and calculate the 
standard with the remainder. Calculate the volume required by 
this standard in any case, and find the excess or deficit, as tlie 
case may be. If an excess, subtract it from the result of each 
titration ; if a deficit, add it ; and use the standard in the usual 
way. The following table shows an actual example : — 



Chalk taken. 


Gas obtained. 


Standard. 


0.0873 gram 


17.8 CO. 


0.4904 


0.1305 ., 


27.3 » 


0.4780 


0. 1690 „ 


35.8 » 


0.4721 


0.1905 „ 


40.4 ». 


0.4715 


0.2460 „ 


52.5 ., 


0.4686 


0.3000 „ 


64.0 „ 


0.4687 



It will bo seen that the standard decreases as the quantity of 
chalk increases ; this points to a deficiency in the quantity of gas 
evolved. 
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and O.ZI27 x loo -^46.2 = 0.4604. Then, multiplying the weight 
of chalk taken by loo, and dividing by 0.4604, we get the calcu- 
lated results of the following table : — 



] Chalk Iskgn. 


Gu founa. 


G., oalcdkt^. 


DifferenoB. | 


1 0.0S73 gram 


I7.S CO. 


.8.9 CC. 


-I. ICC. 


0.1305 „ 


27-3 » 






O..690 „ 




36.7 .. 




0.1905 .. 


40.4 „ 






0.2460 , 








O.3GOO „ 




65. f ., 





By adding i c.c, to the quantity of gas obtained, and taking 0.4604 
aa the standard, the calculated results will agree with those found 
with a variation of o.i c.c. When a large number of a&aays of the 
same kind are being made, this method of calculation is con- 
venient ; when, however, only one or two determinations are in 
question, it is easier to make a couple of standardisings, taking 
quantities as nearly as possible the same as those present in the 
assays. 

Sometimes it is necessary to draw up a table which will show, 
without calculation, the weight of substance equivalent to a given 
volume of gaa or of solution. The substance used for standard- 
ising should be, whenever possible, a pure sample of the substance 
to be determined — that is, for copper assays pure copper should be 
used, for iron assays pure iron, and bo on ; but when this cannot 
be got an impure substance may be used, provided it contains a 
known percentage of the metal, and that the impurities present 
.are not such as will interfere with the accuracy of the assay. In- 
cluding compounds with these, the standard may be calculated by 
multiplying the standard got in the usuai way, by the percentage 
of met(d in the compound or impure substance, and dividing by 
100. If, for example, the standard 1.008 gram was obtained by 
using a sample of iron containing 99.7 per cent, of metal, the 
corrected standard would be 1.008 x 99.7 t- 100 = 1.005, 

In volumetric analysis the change brought about must be one 
in which the end of the reaction is rendered prominent either by 
A change of colour or by the presence or absence of a precipitate. 
If the end of the reaction or finishing-point is not of itself visible. 
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to use I cc. of cyanide solution more in eaoa case before the 
finishing point was reached. The results would then have been : 



Copper taken. 


Cyanide used. 


Standard. 


O.I gram 

0.2 „ 

0.3 ,. 
0.4 „ 


12.9 CC. 

24.7 n 
36.6 „ 

48.6 y, 


0.7752 
0.8097 
O.8191 
a 8230 



It will be noted that the value of the standard increases with 
the weight of metal used; and calculations from the mean 
standard will be incorrect. 

£7 subtracting the lowest standardising from the highest, a 
third result is got free from any error common to the other two ; 
thus : — 

0.4 gram = 48.6 c.c. " cyanide." 
O.I „ =12.9 



0-3 



» 



» 



= 35-7 



»> 



»» 



n 



If 



And the standard calculated from this corrected result is 0.8404. 
Further, if 0.3 gram requires 35.7 c.a, then o.i gram should 
require 11.9 c.c, or i.o cc. less than that actually found. 

We may therefore use the following rules for working processes 
which do not yield proportional results. Make a series of two or 
three titrations, using very different quantities of metal in each. 
Subtract the lowest of these from the highest, and calculate the 
standard with the remainder. Calculate the volume required by 
this standard in any case, and find the excess or deficit, as the 
case may be. If an excess, subtract it from the result of each 
titration ; if a deficit, add it ; and use the standard in the usual 
way. The following table shows an actual example : — 



Chalk taken. 


Gas obtained. 


Standard. 


0.0873 gram 
0.1305 „ 
0. 1690 „ 
0.1905 „ 
0.2460 ,, 
0.3000 „ 


17.8 CO. 

27.3 >i 

35.8 » 

40.4 „ 

52.5 V 
64.0 „ 


0.4904 
0.4780 
0.4721 
0.4715 
0.4686 
0.4687 



It will be seen that the standard decreases as the quantity of 
chalk increases ; this points to a deficiency in the quantity of gas 
evolved. 
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ten ran i c.e. or so at a time, still stirring, and finally &< 

il the colour change ia got. 

6(2) When an outside-indicator ia 'used. — Pour the standard 

Bution from a burette into the assay until 5 or 6 e,c. from the 

jahing'point ; then run in i c.c. at a time (stirring and testing 

" B plate between each) untU the indicator shows the change 

id, and deduct 0.5 c.c. for excess. When greater accuracy is 

Ight for a duplicate assay is made. In this case the standard 

■ a is run in close up to the end, and the operation is finished 

3 a few drops at a, time. 
I W7ure tiie finiaking-point depends upon the absence of a pre- 
late and no ontmde-indicator is used. — As in the Inst case, run 
e standard solution up to within a few c.c. of the end, then 
I c.c at a time until a precipitate is 

5 c.c. must be deducted for excess, since it is evident that 

ole of the last " c.c." must have been, and a portion of the 

13 one may have been, in excess. 

Indirect Titration. — The action of permanganate of potash 

a ferrous solution ia one of oxidation, hence it is evident 

i any other oxidising agent 13 present it will count as per- 

tanate. In such a case the titration can be used (indirectly) 

e the quantity of such oxidising agent, by determining 

how much less of the permanganate is used. For example, 
suppose that i gram of iron dissolved in sulphuric acid requires 
100 c.c. of standard permanganate to fully oxidise it, but that the 
fiame amount of iron only requires 35.6 c.c. of the same standard 
permanganate if it has been previously heated with 0.5 gram of 
black oxide of manganese. Here it is evident that 0.5 gram of 
black oxide does the work of 64.4 c.c.* of the permanganate solu- 
tion, and that these quantities are equivalent; moreover, if 64.4 c.c. 
correspond with 0.5 gram, then 100 c.c. correspond with 0.7764 
■which is the standard. On theoretical grounds, and by a method of 
calculation which will be explained further on (under the heading 
" Calculations from Foraiulie"), it can be found that if the standard 
for iron is 1 gram, that for the black oxide will be 0.7764 gram. 

The principles of these indirect titrations become clearer when 
expressed in a condensed form. Thus, in the example selected, 
and using the formulse re = Iron, KMnO, = permanganate of 
potafih, and MnO, = oxide of manganese, we have ; — 
(i) I gram Fe = 100 c.c. KMnO, 
(z) I grant Fe =35.6 c.c. KMnO, + o.5 gram MnO, 
,'. :oo C.C. KMnO,=3S,6 o,c. KMnO, + o.s graoj MnO, 
(100-35.6) o.c. KMnO,=o,5 gram MtiO, 
64.4 c.c. KJInO,=o.5 gram MnO. 
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The iron does not enter into the calculation if the ei 

IB present in the two experiments. 

An indirect titration thus requires three determinations, but if 
more than one assay is to be carried on, two of these need not be 
repeated. The standard is calculated in the usual way. 

Colorimetric AsEays. — These are assays in which the colour 
imparted to a solution by some compound of the metal to be 
determined is taken advantage of ; the depth of colour depending 
on the quantity of metal present. They are generally used 
for the determination of such small quantities as are too minute 
to be weighed. The method of working is as follows :— A mea- 
sured portion of the assoy solution (generally |, A, ^, or J of the 
whole), coloured by the substance to be estimate, is placed in a 
white glass cylinder standing on a sheet of white paper or glazed 
porcelain. Into an exactly similar cylinder is placed the same 
amount of re-agents, 4c., as the portion of the assB.y solution 
contains, and then water is added until the solutions are of nearly 
equal bulk. Next, a standard solution of the metal being esti- 
mated is run in from a burette, the mixture being stirred after 
each addition untU the colour approaches that of the assay. The 
bulk of the two solutions ia equalised by adding water, Thea 
more standard solution is added until the tints are very nearly 
alike. Next, the amount added is read ofi'from the burette, still 
more is poured in until the colour is ghghtly dai-ker than that 
of the assay, and the burette read off again. The mean of the 
readings is taken, and gives the quantity of metal added. It 
equals the quantity of metal in the portion of the assay. If thia 
portion was one-half of the whole, multiply by two ; if one-third, 
multiply by three, and so on. When the quantity of metal in 
very dilute solutionB is to be determined, it is sometimes necessary 
to concentrate the Bolutions by boiling them down before applying 
the re-agent which produces the coloured compound. Such con- 
centration does not affect the calculations. 

Gasometric Asaays. — Gasometric methods are not much used 
by assayei-s, and, therefore, those students who wish to study them 
more fully than the limits of this work will permit, are r^coin- 
mended to consult "Winkler and Lunge's text-book on the subject. 
The methods are without doubt capable of a more extended applica- 
tion. In measuring liquids, ordinary variations of temperatm^ 
have but little effect, and variations of atmospheric pressure have 
none at all, whereas with gases it is different. Thus, loo c.c. of 
an ordinary aqueous solution would, if heated from io° 0. to 20° C, 
expand to about 100.15 c.c. 100 c.o. of a gas similarly warmeil 
would expand to about 103.5 c.c, and a fall of an inch i ' 
barometer would have a very similar effect. And i 




in meoBuring 

Jl 
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8 we have not only to take into account variations in volnme 
doe to changes in tempei'atiu'e and atmospheiic pressiu'e, but 
also that which is observed when a gas is measured wet and dry. 
Water gives off vapour at all temperatures, but the amount of 
vapour is larger as the tempei-ature increases. 

By i^oring these considerations, errors of 3 or 4 per cent. 
are easily made ; but, fortunately, the corrections are simple, and 
it is easy to construct a piece of apparatus by means of which they 
may be reduced to a simple calculation by the rule of three. 

The volume of a gas is, in practice, ususilly reduced to that 
which it would be at a temperature of 0° C, when the column of 
mercury in the barometer is 760 mm. high. But, although con- 
venient, this practice is not always necessary. The only thing 
required is some way of checking the variations in volume, and 
of calculating what the corrected volume would be under certain 
fixed conditions. 

Suppose that at the time a series of standai-disinga is being 
made, 100 c.c. of aii- were confined in a graduated tube over moisit 
mercury. These roo c.c would vary in volume from day to day, 
but it would always be true of them that they would measure 
100 c.c. under the same conditions as those under which the 
atandardisinga were made. If, then, in making an actual assay, 
35.4 c.c. of gas were obtained, and the air in the tube measured 
105 ac, we should be justified in saying, that if the conditions had 
been those of the standardising, the 105 c.a would have measured 
100 c.c, and the 35.4 c.c. would have been 33.7 • for 105 : 100 : : 
35-4 ■ 33'7' The rule for using such a piece of apparatus for 
€»rrectitig volumes is : — MuUiplt/ t/te e.c. o/gaa obtained by loo, 
artd divide by the nv/mber of en. of air in t/ie apparatus. 

If it is desired to calculate the volumes under standard condi- 
tions (that is, the gas dry, at 0° C. and 7C0 mm. barometric 
pressure) the calculations are easily pei-formed, but the tempera- 
ture and pressure must be known. 

Correction for Moisture. — The " vapour tension " of water has 
been accurately determined for various temperatures, and it 
may be looked upon as counteracting the barometric pressure. 
For esample, at 15° C. the vapour tension equals 12.7 millimetres 
of mercury ; if the barometer stood at 750 mm., the correction 
for moisture would be made by subtracting 12.7 from 750, and 
taking 737-3 mm. to be the true barometric pressure. 

The vapour tensions for temperatures from 0° C. to 20° C. ar& 
as follows ; — 
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Temp. 


Tension. 


Temp. 


Tension. 


Temp. 


Teniion. 


o" 


4*6 mni. 


t 




14" 


1 1.9 mnL 


I" 


4.9 mm. 


8* 


8.0 mm. 


15' 


12.7 mm. 


2- 


5.3 mm. 


9- 


8.6 mm. 


i6' 


13.5 mm. 


3" 


5.7 mm. 


10° 


9.2 mm. 


'Zl 


14*4 nun. 


4* 


6.1 mim. 


II' 


9.8 nmi. 


18* 


15.3 mm. 


5" 


6.5 mm. 


12' 


10.5 mm. 


19° 


16.3 mm. 


6- 


7.0 mm. 


13° 


11.2 mm. 


20" 


17.4 mm. 



The correction for pressure is : — Multiply the volume by the 
actual pressure and divide by 760. 

The correction for temperature : — Multiply the volume by 273 
and divide by the temperature (in degi'ees Centigrade) added to 

273- 
For all three corrections the following rules hold good. To 

reduce to o" G. and 760 mm, dry, 

^ , _ Volume X 0.3502 x (Pressure— tension) 
Correc^d volume Tem perature + 273 

To find the volume, which a given volume under standard 
conditions would assume, if those conditions are altered. 



Resulting volume = 



Volume X 2.784 x (Temperature + 273) 
Pressure — tension 



As an example, we will suppose that it is desired to enclose in 
the appai*atus referred to on p. 45, a volume of air, which, when 
dry (at o** C. and 760 mm.), shall measure 100 c.c, whilst the actaal 
temperature is 15° C, and the pressure 750 mm. 

The second formula is the one to be used, and we get 108.7 ^^ 



Required volume = 



100 c.c. X 2. 784 X 288 
750-^2.7 

80179.2 
737.3 



108.7 CO. 



CHAPTER V. 

WEIGHING AND MEASTJHING. 

peighing. — The system of weights nnd measures which we 
we adopted is the French or metric eystom ; ia this the gram 
5-43 grains) is the unit of weight ; the only other weight 
BquBDtly referred to ia the milligrain, which is o.ooi, or 13777 
The unit of volume ia the cubic centimetre, whidi ia 
lately the volume of i gram of water, and which thus 
■8 to the gram the same I'elatioo as grain-measurea bear to 
It ia usual to write and even pronounce cubic centimetre 
rtly as c.c, and the only other denomination of volume we shall 
■e occasion to use is the " litre," which measures 1000 c.c, and 
Bwughly if pints. 

weights used are kept in boxes in a definite order, 60 that 
tghta on the balance can be counted as well by noting those 
which are absent from the box as by counting those present on the 
Bcale-pan. The weights run 50, ao, 10, 10, 5, a, i, i and 1 grams, 
and are formed of brass. The fractions of the gram are generally 
made of platinum or of aluminium, and are arranged in the 
following order 1^0.5, 0.2, o.i, o.i, and 0.05, 0.02, 0.01, o.or. 
These may be marked in this way, or they may be marked 500, 
aoo, 100, 100, 50, 20, lOj 10 ; the 500 meaning 500 milligrams. 
Some makers send out weights in the series 50, zo, zo, 10, &c. 
Weights of less than o.oi gram are generally present in a box, 
but it is much more convenient to work with a rider. This ia a 
piece of wire which in the pan weighs o.or gram ; it ia made in 
such a form that it will ride on the beam, and its effective weight 
decreases as it approaches the centre. If the arm of the beam is 
dirided into tenths, then each tenth counting from the centre 
outward equals o.ooi gram or i milligram, and if these tenths be 
further subdivided the fractions of a milligram are obtained ; 
and these give figui'es in the fourth pltice of decimals. A fairly 
good balance should be sensitive to o.oooi gram. The weights 
must never be touched with the finger=, and the forceps for 
tQoving them is used for no other purpose. When not in actual 
use the box is kept closed. The weights must not bo allowed to 
remain on the pan of the balance. The balance-case must not he 
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open without some reason. It must be fised level, and, once fixed, 
must not bo needlessly moved. The bench on which it stands 
should be used for no other purpose, and no one should be allowed 
to lean upon it. 

When using a balance sit directly in front of Jt. Ordinarily 
the substance to be weighed is best put on the pan to the usei's 
left; the weights and the rider are then easily manipulated. 
Powders, &c., should not be weighed 
directly on the balance ; a counter- 
poised watch-glass or metal scoop 
"ig. 25) should be used. In some 
Fid. 25, cases it is advisable to use a weigh- 

ing-bottle. This is a light, well- 
stoppM^d bottle {fig. 3) containing the powdered ore. It ia 
first filled and weighed ; then some of the substance is caie- 
fully poured from it into a beaker or other vessel, aad it 
weighed again; the difference in the two weighings gives t 
weight of substance taken. A substance must always be ct 
when weighed, and large glass vessels should be allowed to stand 
in the balance-box a little while before being weighed. Always 
have the balance at rest whan putting on or taking off anything 
from the pans. Put the weights on systematically. In using the 
rider (escept you have a reason to the contrary), put it on at the 
5 ; if this is too much, then try it at the 3 ; if then the weights 
are too little, try at the 4 ; if still not enough, the correct weight 
must be between the 4 and j ; try half-way between. 

It is best to work with the balance vibrating ; equilibrium is 
established when the ribration to the left is the mean of the 
preceding and succeeding vibrations to the right. For examplt 
it vibrates 6 divisions to the right on one swing, and 5 divisions 
on the next, the intermediate vibration t« the left should have 
been 5 J. 

Note whether the substance increases in weight whilst on the 
If it does it may be because it was put on warm, and is 
cooling, or it may be because it is taking up moisture from the 
air. Substances which take up moisture rapidly should be 
weighed in clipped watch-glasses or in light- weighing bottle or 
tubes. 

a recording the weights, should first read off those 
missing from the box, writing down each order of figures as 
determined ; first tens, then units, and so on. Remember thai 
the first four platinum weights give the figures of the first place of 
decimals, the second four give the second place, and that the third 
and fourth places are given by the rider. Having taken down tl» 
figures, con£rm them by reading off the weights as you put then 
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btick into the box. Do not rest a, weight on the palm of your 
hand for convenience in reading tho mark upon it. Kemember 
one weight lost from a box spoils the set. Do not take it for 
granted that the balance is in equilibrium before you stai't 
weighing : try it. 

Meaauring Iiiqiiids. — ^For coarse work, such a 
ftcids for dissolving ores, graduated glasses similar 
to those used by druggists may be used. It is 
well to have two sizes — a smaller graduated into 
divisions of 5 c.c. {fig. 26), and a larger with divi- 
sions equal to 10 c.c. No measurement of im- 
poi-tance should be made in a vessel of this kind, 
as a slight variation in level causes a serious error. 

Graduated flasks must be used when anything 
has to be made up to a definite bulk, or when a 
fixed volume has to be collected. If, for example, — 
a certain weight of substance has to be dissolved ^"'- ^^• 
and diluted to a litre, or if the first 50 c.c. of a distillate has to ho 
collected, a flask should be used. Each flask is graduated for one 
particular quantity ; the most useful sizes are 1000 c.c, 500 c.c, 
20O c.c, 100 c.c, and 50 c.c The mark should be in the narrowest 
part of the neck, and should be tangential to the curved surface 
of the hquid when the flask contains the exact volume specified. 
The level of a curved surface of liquid is at first somewhat difficult 
to read : the beginner ia in doubt whether the surface should bo 
taken at a, b, or c {fig. 27). It is best to take the lowest reading 
c. In some lights it is difScult to find this ; in such cases a 
piece of white paper or card held behind and a. little below, so aa 
to throw light up and against the 
curved surface, will render it 
clear. In reading, one should , 
look neither up at nor down | 
upon the surface, but the eye 
should be on the same level witli I 
it. It mnst be kept in mind 
that flasks contain the quantity 
specified, hut dsHver less than 
this by the amount remaining 
in them and damping the sides. 
If it is desired to transfer the 
contents say of a 100 c.c. flask to a. 







a, beaker, it will be necessary ti: 
complete the transfer by rinsing out the flask and adding the wash- 
ings ; otherwise there win be a sensible loss. Graduated cylindei-s 
(fig. 28) are convenient for preparing standard solutions. 

Pipettes and burettes are graduated to deliver the quantities 
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to use I c.c. of cyanide solution more in eaon case before the 
finishing point was reached. The results would then have been : 



Copper tat™. 


CrnnLdc dmI 


S'JUlflllrf. 


o-lgram 

0.3 „ 
0.4 „ 


24-7 - 

48.6 „ 


0-775* 
0.S097 
o.Scgi 
0.8130 



It will be noted that the value of the standard increases viUi 
the weight of metal used; and calculations from the mean 
standard will be incorrect. 

By subtracting the lowest standardising from the highest, a 
third result is got free from any error common to the other two. 



with 1 



0.4 gram = 48.6 c.c. " cyanide." 



-3S'7 



: t wo; ] 



And the standard calculated from this corrected result is 0.8 
Further, if 0.3 gram requires 35,7 c.c, then o.i gram sfa^ 
require 11. g e.c., or i.o c.c. less than that actually found. 

We may therefore use the following rules for working processes 
which do not yield proportional results. Make a series of two or 
three titrations, using very different quantities of metal in each. 
Subtract the lowest of these from the highest, and calculate the 
standard with the remainder. Calculate the volume required by 
this standard in any case, and find the excess or deficit, as tlie 
case may be. If an excess, Bubtract it from the result of each 
titration ; if .1 deficit, add it ; and use the standard in the usual 
way. The following table shows an aetua! example : 



Chalk talieii. 


GMOttoinod. 


su.,.. i 


0.0873 gram 


17. 8 CO. 








0.4780 d 


0.1690 „ 


3SS ,, 


04721 1; 




40- 4 ,1 




0.2460 „ 






03000 „ 




04687 1 



It will be seen that the standard decreases as the quantity ol 
chalk increases ; this points to a deficiency in the quantity of g 
evolved. 
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0.3000 = 64.C c.C. 
0.0873 = l?-^ .. 



and O.ZI27 X 1004-46,2 = 0.4604. Then, multiplying the weight 
■of chaik taken by 100, and dividing by 0.4604, we get the calcu- 
lated results of the following table ; — 



] CTBlklsk™. 


Gu found. 


Gas tolcolatBd. 


DifferencB. 1 


1 0.0873 e^sm 


17.8 0.0. 


1S.9C.0. 


-I. ICC. 


0.1305 „ 


37-i » 






0. 1690 „ 


3S-8 » 


36-7 « 




0.1905 „ 


40.4 „ 






O.24IJO , 


52- S » 






O.3COO „ 




65. 1 „ 





By adding r c.c, to the quantity of gas obtained, and taking 0.4604 
as the standard, the calculated results will agree with those found 
with a variation of 0.1 c.c. When alarge number of assays of tho 
same kind are being made, this method of calculation is con- 
venient ; when, however, only one or two determinations are in 
question, it is easier to make a couple of standardisings, taking 
quantities as nearly as possible the same as those present in the 
assays. 

Sometimes it is necessary to draw up a table which will show, 
without calculation, the weight of substance equivalent to a given 
volume of gas or of solution. The substance used for standard- 
ising should be, whenever possible, a pure sample of the substance 
to be determined — that is, for copper assays pure copper should be 
used, for iron assays pure iron, and so on ; but when this cannot 
be got an impure substance may be used, provided it contains a 
known percentage of the metal, and that the impurities present 
are not such as will interfere with the accuracy of the assay. In- 
cluding compounds with these, the standard may be calculated by 
multiplying the standard got in the usual way, by the percentage 
■of metiU in the compound or impure substance, and dividing by 
100. If, for example, the standard 1.008 gram was obtained by 
using a sample of iron containing 99.7 per cent, of metal, the 
corrected standard would be 1.008 x 99.7 -;- 100 = 1.005. 

In volumetric analysis the change brought about must be one 
in which the end of the reaction is rendered prominent either by 
a change of colour or by the presents or absence of a precipitate. 
If the end of the reaction or finishing-point is not of itself visibla. 
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jet to be fiUed; see that no bubbles of air are left. Then run out 

cautiously imtil the level of the liquid in the burette stands at 
lero. In reading the level with very dark-coloured liquids it is 
convenieut to read from the level a (fig. 27), and, provided it is done 
in each reading, there is no objection to thiR. The accuracy of the 
reading of a burette is sensibly increased by the use of an Erdmann 
float. This is an elongated bu!b,weighted with mercury, and fitting 
(somewhat loose!y)the tube of the burette. It floats in the solution, 
and is marked with a horizontal line; this line is taken as the level 
of the Uquid. If the burette is filled from the top, the float rises 
with aggravating slowness, and this is its chief disadvantage. The 
float must come to rest before any read- 
ng is made. 

A convenient plan for fllling a burette 
from below is shown in fig, ^o. The 
diagram explains itself. The bottle con- 
taining the standard solution is connected 
M with the burette by a syphon arrange- 
ment through the glass tube and T-piece. 
The flow of liquid into the burette is con- 
trolled by the clip. When this clip is 
opened, the burette filla ; and when it is 
closed, the burette is ready for use in 
the ordinary way. 

Metisuring Gasoa.^Lunge's nitro- 
net«r (fig. 69) is a very convenient in- 
strument for many gossmetric methods. 
It requires the use of a fair quantity of 
mercuvy. In fig. 31, there is a repi-e- 
sentation of a piece of apparatus easily 
fitted up from the ordinaiy material of a 
laboratoiy. It is one which will servB 
some useful purposes. It consists of a 
wide-mouthed bottle fitted (by prefer- 
ence) with a rubber cork. The cork is 
perforated, and in the perforation is 
placed a glass tube which communicates 
with the burette. The burette is con- 
nected by a rubher tube and a Y-piece, 
either with another burette or with a 
piece of oidinary combustion- tube of 
about the same size. The wide- mouthed 
bottle contains either a short test-tube ot 
vith its neck cut off. In working the apparatua 
n the bottle and the re-agent which 



an ordinary phial n 

the weighed substance is put ii 
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is to act on it, in the test-tube ; the cork is then inserted. The 
liquid in the two burettes is next brought to the same level, either 
by pouring it in at A or running it out 
at B. The level of the liquid in the appa- 
ratus for correcting variation in volume 
is then read and noted. Next, after 
seeing that the level of the liquid in the 
burette has not changed, turn the bottle 
over on its side so that the re-agent in 
the test-tube shall be upset into the 
bottle. Then, as the volume of the gas 
increases, lower the liquid in the burette 
by running it out at B, and at the same 
time keep the level in a half an inch or 
so lower than that in the burette. When 
the action has finished bring the liquid 
in the two vessels to the same level and 
read off the burette. This part of the 
work must always be done in the same 
manner. ^^o- 3^* 

The volume corrector /or gas cmalysia is a graduated glass tube 
of 1 20 c.c. capacity inverted over a narrow glass cylinder of mer- 
cury. It contains 0.2 or 0.3 c.c. of water and a volume of air, which, 
if dry and under standard conditions, would measure 100 c.c. The 
actual volume varies from day to day, and is read off at any time 
by bringing the mercury inside and outside to the same level. This 
is done by raising or lowering the tube, as may be required. Any 
volume of gas obtained in an assay can be corrected to standard 
temperature and pressure by multiplying by 100 and dividing by 
the number of c.c. in the corrector at the time the assay is niade. 
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ie required to prevent the absorption of iodine by the alkaline car- 
bonat*. It is prepared when wanted in solution, by addinga gram 
or so of bicarbonate of soda and then as much acid as will decompose 
the bicarbonate mentioned. When a quantity of the gas is wanted, 
it is prepared, in an apparatus lite that used for sulphuretted 
hydrogen, by acting on fragments of marble or limestone with 
dilute hydrochloric acid. 

Citric Acid {H3C1 or C,H,0,.H^O) is an organic acid wh.ch 
occurs in colourless crystals, soluble in less than their weight of 
water. The solution must be fresbly prepared, as it gets mouldy 
when kept. It forms a comparatively unimportant class of salts 
^citrates). It is used in the determination of phosphoric acid, 
chiefly for the purpose of preventing the precipitation of phos- 
phates of iron and alumina by ammonia, and in a few similajr 
cases. The commercial crystals are used ; they should be free 
from sulphuric acid and leave no ash on ignition. 

Hydroclilorie Acid, HCI in water, (sp.gr. 1.16. Itcontaina 
3a per cent, of hydrogen chloride). — It is sometimes called 
" muriatic acid," and when impure, " spirit of salt," The acid 
solution should be colourless and free from arsenic, iron, and sul- 
phuric acid. It forms an important family of salts, the chlorides. 
It is the best acid for dissolving metallic oxides and carbonates, 
ond is always used by the assayer when oxidising agents are to be 
avoided. The acid is used without dilution when no directions 
are expressly given to dilute it. It has no action on the following 
metals : gold, platinum, arsenic, and mercury ; it very slightly 
attacks antimony, bismuth, lead, silver, and copper. Tin is more 
soluble in it, but with difficulty ; ivhifct iron, zinc, nickel, cobalt, 
cadmium, and aluminium easily dissolve with evolution of hydro- 
gen and the formation of the lower chloride if the metal forms 
more than one class of salts. All the metallic oxides, except a few 
of the native and rarer oxides, are dis,solved by it with the forma- 
tion of chlorides of the metal and water. 

Dilute Hydroclilorie Acid is made by diluting the strong 
acid with an equal volume of water. This is used for dissolving 
precipitates obtained in the general course of analysis and the 
more easily soluble metals. 

Hydrofluorio Acid, HF. — A solution in water may be 
purchased in gutta-percha or lead bottles. It is of variable 
strength and doubtful puiity. It must always be examined 
quantitatively for the residue left on evaporation. It is used 
occosiooally for the examination of silicates. It attacks silica, 
forming fluoride of silicon, which is a gas. When the introduction 
«f another base will not interfere with the assay, the substance 
may be mixed in the platinum dish with fluoride of ammonium. 
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oi of ]>ota«jiiuni, or of calcium, and hydrochloric acid, instead of 
U'ealing it with the commercial acid. It is onlj required in special 
work. The fumes and acid are dangerous, and, of course, glass or 
porcelain vessels cannot be used with it. 

XodinO) I. — This can be obtained in commerce quite pure, and 
U ofteu used for standardising. It ia very slightly soluble in 
wutdr, but readily dissolves in potassium iodide solution. It 
oloMily refiembjea chloiine and bromine in its properties, and can 
U) Ukfid for dissolving metals without, at the same time, attacking 
any oxide which may be present. It is chiefly used as an oxidizing 
ngiiiit in volumetric work, being sharp in its reactions and easily 
diitiicted in minute quantities. It cannot be used in alkaline 
luilutiona, Bince It reacts with the hydrates, and even with tha 
uirhontites, to form iodides and iodates. Iodine is soluble ia 
(iluuhol. 

Nitrlo Aoid, HNO,. (8p. gr. 1.42 ; boiling point 121° C. ; con- 
liiiua 70 per cent, by weight of hydrogen nitrate). — It is con- 
iBiiient to remember that one c.c. of this contains i gram 
of real acid. It combines the properties of an add and of an 
osidieing agent. One c.c. contains 0.76 gram of oxygen, most of 
which is very loosely held, and easily given up to metals and 
other oxidisable substances. Consequently it will dissolve many 
iiietala, &c., upon which hydrcchlorie add has no action. All 
nulphides (that of mercury excepted) are attacked by it, and for 
l)ie most part rendered soluble. It has no action on gold or 
platinum, and very little on aluminium. The strong arid at the 
ordinary temperature does not act on iron or tin ; rad in mosb 
cases it acts better when diluted. Some nitrates being insoluble 
in nitric acid, form a protecting coat to the metal which hinders 
further action. Where the strong acid does act the action is 
veiy violent, bo that generally it is better to use the dilute 
acid. When iron has been immersed in strong nitric add it not 
only remains unacted on, but assumes a passive state ; so that if, 
after being wiped, it is then placed in the dilute acid, it will not 
dissolve. Tin and antimony are converted into insoluble osides, 
while the other metala (with the exception of those already mea- 
tioned) diesolve as nitrates. During the solution of the metal red 
fum'ea are given off, which mainly consist of nitrogen peroxide. 
The solutioH is often coloured brown or green because of dissolved 
oxides of uitrogou, which must he got rid of by boiling. Generally 
tiomu anmiouium nitrate is formed, especially in the cases of zinc, 
iron, and tin, when these are acted on by cold dilute acid. 
Sulphur, phiiBphuruB, and arsenic are converted into sulphuric, 
phosphoric, and artenic acids respectively, when boiled with the 
dnuig ndJ. ,^^ 
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Dilate Nitric Aoid. — Dilate i volume of the atrong acid 
with 2 of water. 

Oxalio Acid, H^O or (H,C,0,.2H,0.)— Thia is an organic acid 
in colourless crystals. It forms a family of salts — the oxalates. 
It is used in standardising; being a crystallised' and permanent 
acid, it can be readily weighed. It is also used in separations, toaoy 
of the oxalates being insoluble. For general use make a to per 
cent, solution. Use the commercially pure acid. On ignition tho 
acid should leave no residue. 

Sulphuretted Hydrogen. Hydrosulphuric acid, SH,. — A 
gas largely used in assaying, since by its action it allows of the 
metals being conveniently classed into groups. It is soluble ia 
water, this liquid dissolving at the ordinary temperature about 
three times its volume of the gas. The solution is only useful for 
testing. In separations, a cui^ 
rent of the gas must always be 
used. It ia best prepared in an 
apparatus like that shown in 
fig. 32, by acting on ferrous sul- 
phide with dilute hydrochloric 
acid, "When iron has to be 
subsequently determined in the 
assay solution, the gas should be' „ 

washed by bubbling it through ' ^ 

water in the smaller bottle ; but for most purposes washing can 
be dispensed with. The gas is very objectionable, and operations 
with it must be carried out in a cupboard with a good draught. 
When the precipitation has been completed, the apparatus should 
alwa^ be washed out. The effect of this acid on solutions of the 
mettjs is to form sulphides. All the metallic sulphides are in- 
soluble in water ; but some are soluble in alkaline, and some in 
acid, solutions. If sulphuretted hydrogen is passed through an 
acid solution containing the metals till no further precipitation 
takes place, a precipitate will be formed containing sulphides 
insoluble in the acid. On filtering, adding ammonia (to render 
the filtrate alkaline), and again passing the gas, a further preci- 
pitate will be obtained, consisting of sulphides insoluble in an 
alkaline solution, but not precipitable in an add one ; the filtrate 
may also contain sulphides not precipitable in an acid solution, 
which are soluble in an alkaline one ; these will be thrown down 
on neutralising. Again, the metals precipitated in the acid solu- 
tion form sulphides which may be divided into groups, the one 
consisting of those which are soluble, and the other of those 
which are not soluble, in alkalies. This classification is shown in 
the following summary : — 
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J. Prtaj^iahU in an aci-i toliUism. 

(a) Soluble in Alkalies —tJiUphides of As, Sb, Sn, An, Pt, 

Ir, Mo, Te, and Se. 
(6) lofiolable in Alkalies.— Sulphides of Ag, Pb, Hg, BJ, 
Cu, Cd, Pd, Kh, Os, imd Ru. 
3. y^ot prteipUaled in an add sdution, but thrown doum in on 

Snlpbides of Un, Za, Pe, Ni, Co, In. Tl. and Ga. 
These can again be divided into those which are dissolvcid by 

1b and those which are not. 
3. Not preeipitaled in an acid or alkaline aoivtion, hut thrown 
lovm on neatridisimj tlie Uttt-r. 
Sulphides of V nnd W. 
Snlphuretted hydrogen is a strong' reducing agent. Ferrie 
■nits are thereby quickly reduced to ferrous; in hot solutions 
■rittic acid is decompoeed. These changes are marked by a preci- 
pttadon of sulphur, and the etudent miLst be careful to pass tbe 
gas luffiaently long, and not be too h^isty in concluding that no 
•ulphide will form because it does not at once make its appefirance. 
Tbe best indication that it has been passed long enough is lbs 
m«n of the gas in the stilution aft^r slwiking. 

SnlpfaurouB Acid, H.SO,. — The reagent nsed may be re- 
^i'ded as a saturated solution of sulphur dioxide in crater. It 
mar bs purchased, and keeps for a long time. It may be maiJi; 
b^boatiiig copper nith sulphuric acid and passing the gas formed 
into water. The heat should be withdrawn when the gas is comin* 
off freely. It is used as a reducing agent, and should not be 
dUutcl. 

Sulphorio Acid, H^O,. (Sp. gr, 1,84, containing 96 per 
owit, of real acid. II^O,.) — This acid forms insoluble sulphittts 
with aulU of luul, strontium., and barium. It has a high boiling 
point, 190* C, and, when evaporat«d with salts of the mort 
volatile acids, converts them into sulphates. When nitrates or 
diluridea are objectionable in a solution, evaporation with sol- 
jiljahc add removes them. In working with this acid caution 
i« necMsaiy, since, on mrdng with water, great heat is evolved; 
iind, if sitlicr the acid or water has been previously heated,* 
M^rioua ai^x-iJfiit m.iy result. In diluting the acid it should !i« 
IJouitKl irit^i cold vmt«r. Gloss vessels conbuning boiling sulphuric 
acid nhuuld be linndled as little as pos^ble, and should not be 
I' Uta top. The action of diluted snlphuric acid mi 
iftulB (lowly rrwtiibles that of dilute hydrochloric add. Mag- 
luwiuui, uluiuitiiuui, iiun, zinc, nickel, cobalt, manganese, and 
J diiwolvp, "itli evolution of hydrogen, in the cold add, 
wttimud. The action of hot and strong sulphuric add ia 
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Altogether different ; it acts as aa oxidisiiig agent, and ts itself 
reduced to 8ulph.ur dioiide or even to sulphur. The follow 
metals are attacked in this way : — copper, bismuth, mercu 
silver, aatimonj, tin, itnd lead. Gold, platinum, and arsenic . 
not affected. This property is made use of in parting sUver from 
' .gold and platinum, iletallic sulphides are similarly attacked ; 
but this method of opening' up minerals has the dL<«dvantage of 
giving rise to the formation of anhydrons snlplmtes of iron, Ac, 
which are not readily dissolved when afterwards diluted. The 
use of sulphuric acid in assaying is (for these reasons) to be 
(ivoided. Its chief use is as a. ilrying a^nt, since it has a strong 
affinity for water. Air under a bell jar may be kept dry by 
means of a basin of sulpliuvic acid, and gases bubbled through it 
-are freed from water-vapour. 

Dilute Snlphuric Acid. — This is made by diluting i volume 
of the strong acid with 4 of water. 

Tartaric Acid, H,f or C^H^Oj. — A crystallised organic acid, 
soluble in less than its ovfn weight of water, or in Ics* than three 
parts of alcohol. It is used for the same purposes as citric acid 
is. The solution is made when required. 

SASES, SALTS, &c. 

Alcohol, CjHjO. (Commercial alcohol of sp. gr. o S38 ; it con- 
tains S4 per cent, by weight of alcohol.)— It should burn with a 
non-luminous flame and leave no residue. It is used for washing 
precipitates where water is inapplicable, and for facilitating drying. 

Ammonia, NH^. (Commercial ammonia, a solution having a 
sp. gr. of 088 to 0.89, and containing about 33 per cent, of 
ajnmonia.) — It is used as an alkali (more commonly than soda or 
potash), since an excess of it is easily removed by boiling. The 
saltB of ammonium formed by it may be removed by igniting, or by 
evaporating in a porcelain dish with an excess of nitric add. It 
differs in a marked way from soda or potash in its solvent action on 
the oxides or hydrates of the metals. Stilts of the following metal<i 
are soluble in an aramoniacal solution in the presence of ammonic 
chloride : — copper, cadmium, silver, nickel, cobalt, raanganeso, zinc, 
magnesium, sodium, potassium, and the alkaline earths. 

Dilute Ammonia is made hy diluting i vol. of eommcrci.'d 
ammonia with 2 of water. The dilute ninmonla is alway 
but in as-says for copper a stronger solution (i of strong an 
to I <jf water) is required. 

Ammonic Carbonate (Am,COj) is prepared by dissolvi 
part tif the comniercial sesquicarbonate of ammonia in four parts 
•of water, and adding one part of strong ammonia. 
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Amnionic Bicarbonate (HAmCOj) 
a solution of tlie sesquicarbonate of 
dioxide. 

Amnionic Chloride, AmCl. — Use the commercial salt in a 
zo per cent, solution in water. The salt should leave no residue 
on ignition. 

Ammonic Molybdate. — The solution is prepared as follows: 
—Dissolve loo grama of the powdered commercial salt in 200 cc, 
of dilute ammoniu, and pour the solution in a. slovr stream into 
750 e.c. of dilute iiitiic acid ; make up to i litre, and allow the 
mixture to settle before using. It is used for the purpose of 
separating phosphoric oxide from bases and from other adds, 
and also na a test for phosphates and areenates. In using thw 
solution the substance must be dissolved in nitric acid, and acon- 
sidemhle excess of the reagent adi!ed (50 e.c. is sufficient to pre- 
cipitate o.i gram P,Oj) ; whenthe phosphate is in excess no precipi- 
tate will be got. The precipitate is phospho-molybdate of ammonia. 

Atmnonic ITitrate (AmlfO^) is used in the separation of 
phosphoric oxide by the molybdate method, and occasionally for 
destroying organic matter. It is soluble in less than its own 
weight of water. The solution is made when wanted. 

Ammonio Oxalate (Ani,0,0^.2H,0) ia used chiefly for the 
Geparation of lime. The solution is made by dissolving 15 grama 
of the salt in 100 cc. of water. 

Ammoolo Sulphide may be purchased in the state of a strong 
solution. It is yellow, and contains the disulphide, S,Ain^ It 
serves the same purpose as is obtained by passing a current of 
sulphuretted hydrogen through an ammoniacal solution ; but bu 
the disadvantage of loading' the solution with sulphur, Tvhich k 
precipitated when the solution ia subsequently acidified. It Ja 
usefid for dissolving the lower sulphide of tin (8nS). 

Baric Carbonate (BaCO,) is sometimes used for precipitating 
the weaker bases. It should he prepared when wanted by pre- 
cipitating a solution of baric chloride with ammonic carbonate 
and washing. The moist precipitate ia used without drying. 

Bario Chloride, BaCl,.2iIjO. — A crystallised salt, soluble 
in 2^ parts of water. It is used for the detection and separation 
of sulphates. Make a lo per cent, solution. 

"Black Flux." — A mixture of finely divided carbon witt 
carbonate of potash or with carbonates ot potash and sad&. It is 
prepared by heating tartar or " roc belle salt" until no more 
combustible gas ia given off. One gram will reduce about 2 grama 
of lead from litharge. 

Borax, Na,BjOj.ioHjO.— It is chiefly used as a flux in dry 
assaying, as already described. It is also used in testing X ' 
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I blowpipe; mnny metnUic oxides impart a. characteristio 

a bead of borax in which they have been fused, 

(Calcium Chloride. — The crystallised salt is CaCl,,6H,0 ; dried 

)o° C. it becomes CaClj-jH^O, and when fused it becomes de- 

irated. The fused salt, broken into small lumps, is used for 

ing gasBS. It combines with water, giving off much heat ; and 

solves in a little more than its own weight of water. Strong 

tations may be used in baths in which temperatures above the 

""ing-pojnt of water are required. One part of the salt and 2 

■ water give a solution boiling at 1 12°, and a solution of 2 part-s 

1 the salt in 1 of water boils at 158°, The salt ia veiy httle 

a reagent. 
I Calcium Fluoride or "Pluor Spar," CaF,. — The mineral is 
1 dry assaying ; it renders slags which are thick 
1 the presence of phosphates, &c., very fluid. Mised with 
'a acid it may sometimes be used instead of hydro- 
fioric acid. 

■Calcium Carbonate, CaCO,. — It is precipitated in a pure 
Jtte by ammonic carbonate from a solution of calcium chloride. 
Bis used for standardising. In the impure state, as marble or 

's used in the preparation of carbonic acid. 

|[;Calaiam Hydrate or "Iiimo Water."— This is used in 

pting for carbon dioxide and in estimating the amount of that 

present in air. It may be made by slaking quicklime and 

Bsting the slaked lime with watei'. One hundred c.c. of water 

|'i5° 0. dissolves 0.136S grams of the hydrate (CaH,0,), and hoi 

sstiLlesa. "JiiiA o//ime" is slaked lime suspended 

ICobalt Hitrate {Co(NOs),.6H,0) ia used in a lo^per cent. 

flution for the detection of oxides of zinc, aluminium, &c. ; 
i ignition with which it forma characteristically coloured 
^pounds. 

frCopper, Cu. — Pure copper, as obtained by electrolysis, can be 
ihased. This only should be used. 

|Oopper Oxide, CuO. — It occurs as a black, heavy, and 
"tty power, and is used for the oxidation of carbon and hydrogen 
I organic substances. It should be ignited and cooled oat of 
ptact with air just before using, since it is hygroscopic. Oxide 
E copper which has been used may be again utilised after 

ECopper Sulphate {CuS0,.5H,0) contains 25.4 per cent, of 

'i used in the outer cell of a Daniell-battery. The 

j^meroial salt is used for this purpose. The re-crystal lised and 

e salt is used for preparing the anhydrous sulphate, which is 

I for detecting moisture in gases. For this purpose it is 
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dried at 200* C. till no trace of green or blue colour remaina. 
must be prepared when wanted. It may be coaveniently used 
in the form of pumice-etone. saturated with a solution of the 
salt and dried. Traces of moisture develop a green colour, 

Forrio CMoride, Fe,CI,. (When crj-stallised, re,CI,.6H,0.) 
— The solution ia prepared as described under iron, TLe com- 
mercial Ealt contains arsenic, and, since the chief use of ferrii: 
chloride is for the determination of this substance, it must be 
purified (see under Arsenic). 

Ferric Sulphate (Fe,(SO,),) is a yellowish white deliquescent 
salt. It ia used as an indicator in volumetric silver assaying, and 
for the separation of iodine from bromine. It may be purchased 
as iron alum, AHi,Fej(S0,)j.a4H,O, But it is best prepared hj- 
adding strong sulphuric acid to ferric hydrate in equivalent 
proportions. Use it as a solution containing 3 or 3 per cent. 
of iron. 

Ferrous Sulphate, FeS0,.7H,0.— The granulated form is 
best, and can be purehased pure. It ia used for standardising. 
It keeps better in ciystals than in solution. It is readily soluble 
in water, but the solution is best made with the help of a little 
free acid. As a re-agent use a 10 per cent, solution. The crystals 
should be clear bluish-green ; if their colour is dark green, 
brown, or blue, they should 1m rejected. 

Ferrous Sulphide (FeS) ia used for the preparation of sul- 
phuretted hydrogen. It may be purchased and broken in small 
lumpa, nut-fiize, for use. 

" Fusion Mixture " (K,COj.Na,00,) ia a mixture of potassic 
and Godic carbonates in the proportions of 13 of the former to 
10 of the latter, by weight. It is hygroscopic. A mixture of the 
bicarbonates is better, being purer and less apt to get damp, 

G-oUio Acid (CjHjOj.H,©) is an organic acid, occurring as s 
pale fawn-coloured crystalline powder, soluble in 100 parts of 
cold water, or in 3 parts of boiling water. It is used for the 
determination of antimony, A lo per cent, solution in wana 
water is made when required. 

Hydrogen (H) ia a gas. It ia obtained by acting on zinc with 
dilute hydrochloric or sulphuric acid. It ia used as a reducing 
agent, and for providing an atmosphere free from oxygen. It 
reduces metallic oxides at a high temperature. It must be freed 
from water; and special precautions should be taken to prevent 
an admixture with air. It is generally required in a current 
■which can be continued for an hour or more wLtlioat interruption. 
The preparation can he conveniently carried out in the apparatus 
shown (fig, 33). A quart bottle is half filled with sheet ane, 
and connected with hulbs filled with sulphurio acid, and with 
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11 chloride tube. The last is coDoected with tho apparatus 
through which the gas has to be 
pafised. Dilute hydrochloric acid 
mixed with a few cubic centimetres 
(ao c.c. to I pint) of stannous chloiide 
fiol, to fix any dissolved osygen, ia 
placed in the fuimel, and let into tha 
battle by opening the stopcock when - 
required. Care must be taken to let ^'°- 33- 

the hydrogen escape for some time before starting the reduction. 

Q-old, Au. — Gold, obtained by cupelling und " parting," is for 
most purposes sufficiently pure. It is best kept in the shape of 
foil. When the purer metal is required, gold should be dissolved 
in aqua regia, the solution evaporated to a paste, diluted, alloired 
to stand, and filtered. The filtered solution is acidified with hydro- 
chloric acid, warmed, and precipitated with sodium sulphite. The 
precipitate is collected, washed, and fused on charcoal. 

Iron, Fe.- — The soft ■wire (thin) is used for standardising. 
Hods are used in dry assays as a desulphurising agent. Steel 
must not be used, since it is not pure, and contains a variable 
amount of iron. 

lioad, Pb. — Granulated lead or lead-foil is used in the dry 
assay for silver and gold, and in the preparation of lead salts. It 
can be obtained very pure, but always contains more or less ailvev, 
I or 2 milligrams in 100 gcuns. The amount of silver it con- 
tains must be determined and recorded. 

Lead Acetate (Pb Ac,.3H,0, or Pb(C,HsO,),.3H,0) is used as a . 
test, specially for the detection and estimation of sulphuretted 
hydrogen. Prepare a 10 per cent, solution for use. 

X>ead nitrate (Pb(NOj),) can be purchased pure. It is used for 
standardising. 

Iiead Dioxide (PbO,) occurs as a dark-brown powder. It is- 
nsed as an oxidizing agent and for absorbing sulphurous oxide. 
It can be prepared by digesting red lead with warm dilute nitric 
acid ; washing and diying the residue. 

"Litharge," PbO, — It can be purchased as a yellow heavy 
powder. It is used in dry assayipg as a flux, as a desulphurising 
agent, and also aa a source of lead. It always contains some 
silver, the amount of which must be determined. 

Litmus. — This is an organic colouring matter which is turned 
red by acids and blue by alkalies. For ordinary purposes it ia- 
best need as htmus paper, which may be purchased in small books. 
A solution ia prepared by digesting 15 or 20 grams of the com- 
mercial litmus in too c.c. of water on the water bath. After being 
allowed to settle, it is filtered and made just faintly red with- 
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lum Chloride, 2\l('\A''f"i^. dn the crystallised form it 
3).— It may bo iir.uh'. -.. f..:!-.v.s :— Take 5 p-ams of clean 
I scrap and dissolve lu a f :;;.-I: at a ;^'ciitle heat in 50 c.c. of 
oiic acid with tlic^ ocvch^iml aduition of some nitric acid; 
[.0 to a paste; and tln-ii <lis.-olvo in 100 c.c. of water. It 
for separating and dolcrininin,:: pntassium. 
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PhenolphttaEilQiu is au organic compound used as an indicator ; 
more especially in determining the weaker acids. It cannot 1 
used in the presence of ammonia. Dissolve half a gram in looc.c, 
of dilute alcohol. 

FotaBsium Bicarbonate, KHCO,. — It may be purchased 
pure ; on ignition it leaves the carbonate, KfiO,, which may bo 
used as a standard. 

Fata&siiun Cyanide, KCN. — It is used in the diy assay as a 
reducing agent. The commercial salt Ls very impure. Purchase 
that sold as potoseic cyanide (gold) which contains about 95 per 
cent, of KOK. It is used for copper assaying and occasionally in 
separation. Make a 10 per cent, solution when wanted. 

Fotassiiim Bichromate, K,Cr,Oj, It may be purchased 
nearly pure. It is used as an oxidising agent, for determining 
iron ; and as a test solution. E'er this last purpose a 10 per 
cent, solution is prepared. 

PotaBsium Chlorate (KCIO3) can be purchased pure. It 13 
used with hydrochloric acid as a substitute for aqua regia. 

Potassium Ferrocyanide (K^Fe(CN),.3H,0), or " yellow 
prussiate of potash," is used as a test ; as an indicator ; and for 
the determination of zinc. Make a 5 per cent, solution, 

Fotassinm Perrioyanide (KgFe,(CN)„), or " red prussiat« of 
potash," is used for testing ; and as an indicator. Make a 5 per 
cent, solution when wanted, as it decomposes on keeping. 

Potassimn Hydrate, liHO. Purchase that purified with 
alcohol. It is an alkali, and is used for absorbing carbonic acid, &C. 

Potassium Iodide, KI. It may be purchased nearly pure. 
It is used SiS a test and for dissolving iodine. It should be used in 
a 10 per cent, solution freshly made. The solution decomposes on 
exposure to light, with separation of iodine. 

Fotassium Nitrate (KNOj) can be purchased pure. It is used 
in the dry way as an oxidizing agent. It ia very fusible. It 
decomposes at a low temperature into potassium nitrit« (KHO.) 
and free osygen ; and at a higher temperature leaves potash 
(KjO). It oxidizes sulphur and carbon with explosive violence. 
This action may be moderated by mixing the nitre with carbonate 
of soda, common salt, or some otber inert body. 

Potassium Nitrite, KNO,. — The commercial article is not 
pure, but is sufficiently so for the purpose required. A saturated 
solution is used in the separation of cobalt ; the solution ia made 
when wanted. 

Potassium Permanganate, KMnO,, — This salt can be pur- 
chased sufficiently pure. It is much used as an oxidizing agent. 

Potassium Bisulphat© (KHSO^) is used as a dry reagent for 
opening up minerals. It fuses ; and at a much higher tempera- 
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turo is converted into potassium sulphate with loss of sulpbui 

Potassium Sulphocyanate (KCXS) is used for the detection 
and deteiiniDatiou uf tiuces of ferric iron ; as also in the separation 
of silver and copper from some of the other metals. Make a lo 
per cent, solution. It should show no colour on tho addition d 
hydrochloric acid. 

" Bed Iiead " {Pb,0,) is used in the dry assay as a flux instead 
of litharge, from which it differs in containing a little more oxj^en. 
When acted on by nitric acid a brown residue of lead dioxide is 
left, nitrate of lead going into solution. Like litharge it always 
carries silver ; about 2 milligrams in 100 grams. 

Silver, Ag. — Pure silver in foil is required as a standard. 
It may be prepared as follows : — Dissolve scrap silver in dilute 
nitric add and decant off from any residue ; dilute the solution 
with hot water and add hydrochloric add unlal there is no further 
precipitate, stir ; allow the predpitate to settle ; decant and wash ; 
dry the predpitate, mix it with twice its bulk of carbonate of 
soda and fuse the mixture in a crudble until tranquil ; clean the 
button and roll or liammer it into foil. 

Sodium Acetate, NaC,H 0,,3H,0.- — The crystals may be par 
chased sufficiently pure. Make a 20 per cent, solution in na' 
It is used for replacing mineral acids by acetic add.* 

Sodiom Acetate and Acetic Acid. — A solution is used in 
determination of phosphates and arsenates ; 100 grams of 
salt is dissolved in 500 c.c, of acetic acid, and diluted with water 
to one litre. 

Sodium Bicarbonate (N'aHCOj)is usedas a flux in dry methods. 
On ignition it leaves the carbonate (Na,CO,), which is used as a 
standard reagent. Make a 20 per cent, solution of the carbonate 
for use. It should be free from chlorides or sulphates, o: 
impure the amount of impurities must be determined. 

Sodiimi Hydrate, NaHO. It may be purchased in sticks, 
■wbidi should be kept in a well-corked bottle. It is sometimes called 
" caustic soda." It is a strong alkali. It is used for neutraliziDg 
add solutions and for separations where ammonia is unsuitable. 
Make a 5 per cent, solution for use. 

Sodium Hyposulphite, Na^Sfi^.$Hfi. — It may be purchased 
pure. It is generally known as " hypo." It is used as a 
standard. 

Sodum Sulphite (N'a,SOj.7HjO) is used as a reducing agent. 

Sodium Phosphate, Na,HPO,.i2HjO. The crystals may be 
purchased pure, but they efloresce in dry air with loss of wa' 

• NaC,H,0, + HCl = H,C,0, -I- NaCL 
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It is used as a standard and for precipitating magnesia, 4S:c. 
Make a lo per cent, solation. 

Stannous Chloride, SnCl,.2H,0. — ^The crystals are best pur- 
chased. If kept dry and free from air they are fairly permanent. 
A solution is made by dissolving 20 grams in 10 c.c. of hydro- 
chloric add and diluting to i litre. The solution is not permanent. 
It is a strong reducing agent, and is chiefly used in solution for 
this purpose. 

Tin, Sn. — Grain tin should be purchased. It is not pure, but 
contains 99.5 per cent, of the metal. The chief impurity is 
copper. It can be used as a standard. When acted on with hot 
hydrochloric add it slowly dissolves (more rapidly in cdntact with 
platinum) and forms stannous chloride. 

TJraniTini Acetate, 170,(0^,0,)^ B[,0. — It is best purchased in 
crystals. The solution is used for the determination of phosphates 
and arsenates. A solution of 3 per cent, strength is occasionally 
used as an indicator. 

XTraniuin Nitrate, TJO,(N03),.6B[,0. — ^Thissalt is very soluble 
in water and is sometimes used instead of the acetate, which is 
somewhat difficult to dissolve. 

" Water," H,0. — Spring or well water is suffidently pure for 
most purposes, 100 c.c. will leave a residue of from 10 to 30 
milligrams, so that where a salt has to be dissolved out, evaporat^, 
and weighed it should be replaced by distilled water. Bain water, 
melted snow, &c, always leave less residue than spring water ; 
but in other respects they are often dirtier. Distilled water is 
best prepared in the office, a glass or tin condenser being used. 

' Zinc, Zn. — ^It is sold in a granulated form or in sticks. It 
generally contains over i per cent, of lead, with a little iron and 
arsemc It is used for separating metals from their solutions, 
and genersJlj as a reducing agent. For the preparation of 
hydrogen, and in most other cases, scrap sheet zinc may be used. 

Zinc Oxide, ZnO. — ^The commercial oxide sometimes contain? 
carbonate. 

Zinc Sulphate, ZnSO^.yH^O. — It is occasionally used as a 
standard, and can be purchased nearly pure. 
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CHAPTER Vn. 

rOEMULiB, EQUATIONS, ETC. 

FoBUUL£ and equations are a kind of sbort baud for expres^g 
briefly and in the language of tbe atomic theory the facte d 
chemical composition and reaction. The convenience of this 
method of expressing the facta justifies a short description of it 

On compariDg the percentage composition of a neries of com- 
pounds tho proportions in which the elements combine appears to 
be regulated by no simple law. For example : 

BealKU. Orpimmt. Ui>plDkd. pfrlM. 

Arsenic . . 714. ... 60.9 ... 46.0 .,, — 

Sulphur . . 2S.6 ... 39-1 ... 19.6 ... 53.3 

Iron ... — ,.. — ... 34.4 ... 46.7 



But if in these examples the compo^tion is calculated, not 
parts, but on 107, 246, 163, and lao parts respectively, ( 
of a simple law hecomes apparent. 

Gcil^r. Orplmi^nE. Ulspi^lie]. FjTllem 

Arsenic . . 75.0 ... 150.0 ... 75,0 ... — 

Sulphur . . 32.0 ... 9S.0 ... 3i.O ... 64.0 

Iron ... — ... — ... 56,0 ... 56.0 



107,0 



245.0 



163.0 



It will be seen that the proportion of arsenic is 75 or twice Jj, 
that of iron is 56, and that of sulphur 32 or some simple multiple of 
32. The series of examples might be extended indefinitely, and it 
■would still be found that the " combining proportions " held good. 
The number 75 is spoken of as the " combining weight," or, more 
frequently, as the "atomic weight" of arsenic. SimiJarlv 56 is 
the atomic weight of iron, and 32 the atomic weight of aulf^nr. 
The importance of this law of chemical combination is altogether 
independent of the atomic theory; but this theory furmshea the 
simplest explanation of the facts. According to it a, chemical 
compound in made up of exactly similar groups of partides. 
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particleB of each elementary subebance are all alike, but differ 
from those of other elements in we^ight. Ultimate particles are 
called atoTTis, and the groups of atoms are called molecules. The 
atomic weight of any particular element ia the weight of its atom 
compared with the weight of an atom of hydrogen. The atom o£ 
sulphur, for instance, ia 32 times as heavy aa the atom of hy- 
drogen, and the atomic weight of sulphur is 32. The moketitar 
vseight 18 the sum of the atomic weights of the group. The mole- 
cule of pyrites contains two atoms of sulphur and one of iron : on 
referring to the table of atomic weights it will be seeo that tbe 
atomic weights axe — sulphur 32, and iron 56. The molecular 
weight, therefore, ia 32 + 32 -I- 56 — that is, 120. The meaning of 
this is, 120 parts by weight of iron pyrites contain 64 parts of 
sulphur and 56 parts of iron ; and this ia true whether the " parts 
by weight " bo grains or tons, 

2718 symbol or for^nda of an atom is generally the initial letter 
or letters of the Iiatin or EngUsh name of the substance. The 
atom of hydrogen is written H, that of oxygen 0, of sulphur S, 
of iron (ferrum) Fe, and so on. A list of these symbols is given 
in the table of atomic weights. 

T/ie formida of a molecule is obtained by placing together the 
symbols of the contained atoms. Thus, Fe represents an atom of 
iron, S an atom of sulphur, while FeS represents the molecule of 
sulphide of iron as containing one atom of each element. 

"When more than one atom of an element is present this is 
shown by writing a figure under and after the symbol; thus, 
FeS, represents a molecule with one atom of iron and two atoms 
of sulphur, Fe^j similarly shows one with two atoms of iron and 
three of sulphur. When a group of atoms is enclosed in brackets, 
a figure after and under the bracket multiplies all within it; for 
«sample, Pb(H'0,)j is another way of writing PbKjO,. Sometimes 
it is convenient to represent tbe atoms of a molecule as divided 
into two or moro groups ; this may be done by writing the 
formuliE of the groups, and sepai-ating each simple formula by a 
full stop. Slaked Kme, for instance, has the formula CaH,0,; or, 
aa already explained, we may write it Ca(HOJ, ; or, if for purposes 
of explanation we wished to look on it as hme (CaO) and water 
(H,0), we could write it CaO.H,0. A plus sign ( + ) has a. 
■different meaning ; CaO 4- H,0 indicates quantities of two sub- 
stances, water and lime, which are separate from each other. The 
sign of equality ( = ) is generally used to separate a statement of 
the reagents used from another statement of the products of the 
reaction ; it may he translated into the word " yields" or "be- 
comea" The two statements form an equation. 

Ignoring the quantitative relation, the meaning of the equation 
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CaO + H,0 = CaO.H.O is : " lime and water yield slaked lime."* 
By referring to a table of atomic weights we can elicit the quan- 
titative relations thus : — 

CaO + H,0 



■1- 
Ca = 4o 
=i6 

56 



H,= 



; 



CaH.O, 

i" 



e combine with 18 parts of 
le. This equation enaMeB 
—How mucii lime must be 



Or, putting it in words, 56 parts of lim 
water to form 74 jiexts of altiked lin 
one to answer sach a question as this : 
used to produce i cwt. of slaked lime ! for, if 74 lbs. of slaked 

lime require 56 lbs. of lime, 112 lbs. will require , or 

74 
about 84! lbs. 

As another example having a closer bearing on assaying take 
the following question : — " In order to assay 5 grams of ' black 
tin' (SnO,) by the cyanide process, how much potassic cyanide 
(KCN) will be required 1 " The reaction is 

SnO, + aKCN = Sn + 2KCNO 
■1- 



0,= 3^ 



15° 



K = 39 



65 X 



130 



What is sought for here is the relation between the quantities 
of SnO, and KCN, Note that a figure before a formula multiplies 
all that follows np to the next stop or plus or equality sign. The 
question is now resolved to this: if 150 grama of oxide of tin 
require 130 grams of cyanide, how much will 5 grams require ) 



15° 



130 



X = 4.33 grams. 

A problem of frequent occurrence is to fiiid the percentage 
composition of a substance wLen its formula has been given. For 
example ; " What percentage of iron is contained in a mineral 
having the formula I'Fefl^.^TLfi 1 " Bringing this formula to- 

" r we have Fe.H . Find the molecular weight. 




s' 
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Then we get : 374 parts of the mineral contain 224 of iron. How 
much will 100 contain? 

374 : 224 :: 100 : x 

X = 59.89. 
And the answer to the question is 59.89 per cent. 

Again, suppose the question is of this kind : — " How much 
crystallised copper sulphate (CuS0^.5H,0) will be required to 
make 2 litres of a solution, i c.c. of which shall contain 0.00 10 
gram of copper ? " 

A litre is 1000 cc, so, therefore, 2 litres of the solution must 
contain o.ooi gram x 2000, or 2 grams. How much crystallised 
copper sulphate will contain this amount of metal ? 

Cu = 6^.^ 

S = 32.0 

O4 = 64.0 = 16 X 4 

5H,0 = 90.0 » 18 X 5 

249-3 
If 63.3 grams of copper are contained in 249.3 grams of sulphate, 
in how much is 2 grams contained. 

63.3 : 249.3 •• 2 grams : x 

X = 7'8769 grams. 
The answer is, 7.8769 grams must be taken. 

As a sample of another class of problem similar in nature to the 
last (but a little more complicated) take the following : — '* What 
weight of permanganate of potash must be taken to make 2 litres 
of a solution, 100 c.c. of which shall be equivalent to i gram of 
iron 1 " In the first place the 2 litres must be equivalent to 
20 grams of iron, for there are 20 x 100 c.c. in two litres. In 
the titration of iron by permanganate solution there are two re- 
actions. First in dissolving the iron 

Fe + H,SO^ = FeSO^ + H, 

56 
and second, in the actual titration, 

loFeSO^ + 2KMnO^ + 9H,S0^ = 2MnS0^ + sFe/SOJ, + 2KHSO- 

I +8H,0 

K =39. 
Mn = 55 
O, =64, 

158x2 = 316 
As before, attention is confined to the two subslaiie)^ ^xAsst 
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consideration — Tix , Fe 
find 316 part* cf ilr p 
of FeSO^ ; and in tit ; 
lent to one molecclr :: 
lent to 316 cf pernirr: 
the permanganate wSl 



^i KV'O . Iz: 







i£ie aeeond eq[iuitian we 
rgtrsired for 10 molecaleB 
■i T&z's of iron mre equiva- 
r^ 5 fc of iron mre equiva- 
c^fssacn is. How much of 
: r= grains of iron I 



r— ZI.2S6 grams. 

The answer is ii.r5: rr&zis^ 

Very similar to this lis: rrzcijesi i$ jhe question suggested 
under the head "Indiiwt Tt^ticii'" .j, 43V *-If 100 c.c of 
the standard perman££r.JLte scahnScc. an^ cqniTalent to i gram of 
iron, how much perciide cf inarfarese will xhej be equivalent 
to ? " The equation for dis&clTiix ibe iron is already given ; the 
second equation is 

Mn= ?^ 

It will be seen that 87 grams of peroxide of manganese are 
equivalent to 112 grams of iron. Hew much then is eqtiivalent 
to I gram of iron ) 

1x2 : S7 :: I gram : x 

jr = 0.7767 gram. 
It is sometimes convenient to calculate the formula of a sab- 
stance from its analysis. The method of calculating is shown by 
the following example. Required the formula of a mineral 
which gave the following figures on analysis : — 



Cupric oxide (CuO) 
Ferrous oxide (FcO) 
Zinc oxide (ZnO) . 
Sulphuric oxide (SO,) 
Water (H,0) . 



io.cS 

44 7» 
ioai5 



First find the molecular weights of CuO, FeO, &c., and divide 
the corresponding percentages by these figui*es. Thus, CuO = 
63.3 + 16 = 79.3 and 10.58 divided by 79.3 gives a 1334. Simi- 
larly FeO = 56 + 16 = 72 and 15.69 di\4ded by 72 gives 0.2179. 
Treated in the same way the oxide of zinc, sulphuric oxide aitHi 
•ater give as results 0.0043, 0.3602 and 2.484. 
Tlassif y the results as follows : — 
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BO, 0.3602 



ItO,o. 




H,0 2.484 



RjO 2.4S4 



0.3556, 0.3602 imd 2.484 should be then divided by 
the lowest of them — i.e., 0.3556 ; or where, as in this case, two of 
the figures u.re very near each other the mean of these may be taken 
— i.e., 0.3579. Whichever is taken the figures got will be approxi- 
mately 1, I and 7. The formula ia then B0,S0j.7H,0 in which 
11 is nearly jtlia copper, Jths iron and a little zinc. 

This formula requires the following percentage composition, 
"which for the sake of comparison is. placed side by side with the 
actual results, 

Ca[ao1at«d. Found. 

M.Z9 ... 



Trimming the results of nn analysis to make them fit 
closely with the calculations from the formula would be foolish 
as well as dishonest. There can be no doubt that the actual 
analytical results represent the composition of the specimen much 
more closely thaii the formula does ; although perhaps other 
specimeDB of the same mineral would yield results which would 
group themselves better ai'ound the calculated results than 
around those of the £rst specimen analysed. It must be re- 
membered that substances are rarely found pure either in nature 
or IB the arts ; bo that in most cases the formula only gives an 
approsimation to the truth. In the case of hydrat«d salts there 
is generally a difficulty in getting the salt with exactly the right 
proportion of water. 




PRACTICAL EXERCISES. 
The following calculations may be made : — 
I, Calcnlate standards in tlie followlag cases — 

(a) Silver taken, 1.D03 gram. Standard ealt nsed, 100.15 "-Q- 
(i) lion taken, 0.7 gram. Bichromate used, 69.6 o.c 
3. Calcnlate percentngea : — 

(a) Ore taken, t gram. Solution need, 65.2 c.o. Standard, c 
gram. 
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(6) Ore taken, i grarQ. Bannzn snip-bate got. 1.^32 gram. Barium 
sulphate contains 13-73 per cent, of sulphur, and the per- 
centage of suiphTir in the ore is wanted. 

(c) Barium sulphate is BaSO^ Calculate the percentage of sul- 
phur it contains, for use in the preceding question. 

3. A method of estimating the quantity of peroxide in a manganese ore 

is based on the following reactions : — 

(I) MnO, - 4HCI = MnClj + CI, -i- 2H,0. 
(2. CI + KI = KCl - L 

To how much MnO, is i gram of Iodine (1) equi\-alent t 

4. A mineral has the following composition : — 

Carbonic acid (CO.' . . .19.09 
Copper oxide (CuO; . . . 71-46 
Water CH.O' .... 9.02 
What is its formu^i ? 

5. How much copper is contained in 1.5 gram of crystallized copper sul- 

phate (CuS04.5H,0^ ? How much of these crystals must be taken 
to give a 4 gram of copper ? 

6. How much ferrous sulphate crystals .TeSO^/H^O) must be taken to- 

yield 2 litres of a solution. 100 c.c. of which shall contain a56- 
gram of iron ? 

7. Galena is FbS. and haematite Fe,0, What percentages of metal do- 

these minerals contain t 
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CKAPTER vnr. 

SPECIFIC GBAVITY. 

The relation of the weight of a substanco to its volume sbonld be 
kept io mind in all cases where both weight and volume are dealt 
with. Students are apt to imagine that on mixing equal volumes 
of, say, sulphuric acid and wat«r, an acid ol' half the strength must 
be obtained. If the statement of strength is in parts by weight 
this will lead to consideraule error. For eiwinple, loo c.c of sul- 
phuric acid coDtaining gS per cent, by weight of real acid, will, if 
diluted with loo c.c. of wafer, yield a. solution containing not 49 
per cent, by weight, but about 63.5 per cent, of the add. The 
I'eason is this : the 100 c.c. of sulphuric acid weighs 1S4 grams, 
and contains 180.32 grams of real acid, while the lOo c.c. of water 
weighs onJy 100 grams; the mixed water and acid weighs 284, 
grams, and contains 180.39 of real acid, which is equivalent to 
nearly 63.5 per cent, by weight. If, however, the method of 
statement be volumetric, it would be correct to say that doubling 
the volume halves the strenffth : if loo c.c. of brine contains 10 
grams of salt, and is diluted with water to 200 c.c, it would be of 
one-half the former strength, that is, 100 c.c. of the solution would 
contain 5 grams of salt. 

This confusion is avoided by always stating the strengths as so 
many grams or "c.c," in 100 c.c. of the liquid. But obviously it 
would be advantageous to be able to determine quickly the weight 
of any particular substance corresponding to I c.c. or some other 
given volume. Moreover, in descriptions of processes the 
strengths of acids and solutions are frequently defined neither by 
their gravimetric nor volumetric composition, but by a statement 
either of specific gravity or of the degrees registered by TwaddeU'a 
or Beaum^'s hydrometer. Thus, in the descriplion of the process 
of gold parting, one writer gives : " The ai^id should be of 
specific gravity"; and another says: "The aeid most not bo 
stronger than 32° Beaume." 

These considerations justify an account of the subject in such & 
work as this. And on other grounds the determination of a speciiic 
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gravity is one of tie operations with which 
fnmihor. 

The meaning of " specific gravity " is present in the mind of 
every one who uses the sentence " lead is heavier than water," 
This is meaningless except some such phrase as " bulk for bulk" 
be added. Make the sentence quantitative by saying : " bulk for 
bulk lead is 11.36 times heavier than water," and one has the exact 
meaning of : " the specific gravity of leadis 11.36," Atableofthe 
f:pecific gravities of liquids and solids shows how many times 
heavier the substances ace than water. 

It is better, however, to look upon the specific gravity (written 
shortly, sp. g.) as the weight of a substance divided by its volume. 
Zn the metric system, 1 c.c. of water at 4° C. weighs with sufficient 
exactness I gram ; consequently, the sp, g., which states how many 
times heavier than water the substance is, also expresses the 
weight in grams of one c.c. of it. So that if a 100 c.c. flask of 
nitric acid weighs, after the weight of the fiafik has been deducted, 
120 grams, i c.c. of the acid weighs 1.2 gram, and the sp. g. is i.i. 
The specific gra\'ity, then, may be determined by dividing the 
weight of a substance in grams by its volume in c.c. ; but it is more 
<»nvenient in practice to determine it by dividing the loeight of tit 
auhstance by the weight of an equal voluwx qf water. And since the 
volumes of all aubstancea, water included, vary with the tempera- 
ture, the temperature at which the sp. g, is determined should be 
recorded. Even then there is room for ambiguity to the extent 
that such a statement as tho following, " the specific gravity of the 
substance at 5o°C. is 0.9010," may mean when compared with water 
at 50° C, or 4° C, or even 13.5° C. For practical purposes it 
should mean the first of these, for in the actual experimenta the 
water and the substance are compared at the same temperature, 
and it is well to give the statement of results without any super- 
fluous calculation. In the metric system the standard temperature 
is 4° C, for it is at this point that i c.c. of water weighs exactly 
I gram. In England, the standard temperature is 60° F. (i5.5°C.), 
which is supposed to be an average temperature of the baJance- 
room. The convenience of tba English standard, however, is 
merely apparent ; it demands warming sometimes and sometimes 
cooling. For most purposes it is more convenient to select a tem- 
perature sufficiently high to avoid the necessity of cooling at any 
time. Warming to the required temperature gives very little 
trouble. 

Determination of Specific Gravity. — There is a quick and 
■easy method of determining the density or sp. g. of a liquid, based 
upon the fact that a fioat!jg body is buoyed up more by a heavy 
iliijuid than by a light one. The method is more remarkable for 
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speed than accuracy, lint still is euSciently esact. The piece of 
apparatus used for the purpose is endowed with a, variety of 
names — sp. g. spindle, hydrometer, areometer, salimeter, aleoholi- 
meter, lactometer, and so on, according to the special liquid upon 
which it ia intended to be used. It consists of a float with a sinker 
at one end and a graduated tube or rod at the other. It is made 
of metal or gloss. Generally two are required, one for liquids 
ranging in sp. g. from i.ooo to z.ooo, and 
another, which wiU indicate b. sp, g. between 
0.700 and I.ooo. The range depends on the 
size of the in-^rument. For special work, 
in. which variations within najTow limits are 
to he determined, more delicate instruments 
■with a narrower range are made. 

In using a hydrometer, the liquid to he 
tested is placed in a cylinder (fig. 34) tall 
enough to allow the instrument to float, and 
not too narrow. The temperature i" taken, 
and the hydrometer is immersed in the fluid. 
The mark on the hydrometer stem, level with 
the surface of the liquid, is read off. With 
transparent liquids it is best to read the mark 
under and over the water surface and take 
the mean. 

The graduation of bydromet^ra is not made to any uniform 
system. Those marked in degrees Eaumi? or Twaddell, or accord- 
ing to specific gravity, are most commonly used. Tlie degrees on 
Banme'a hydrometer agree among themselves in being at equal' 
distances along the stem; but they are proportional neither tO' 
the specific gravity, nor to the percentage of salt in the solution. 
They may be converted into an ordinary statement of specific 
gravity by the following furmulje : — 

g ^ 144-3 

^' °' 144.3 ~ degrees Baum^. 

or putting the rule in words, subtract the degrees Baumi from 

144.3, '^^^ divide 144.3 with the number thus obtained. For 

example : 32° Baume equals a sp. g. of 1.385. 

t44-3 ^ 144.3 ^ J ^g 

144.3-33 i".3 ■ ^' 

This nJe is for liquids heavier than water ; for the lighter- 
liquids the rule is as follows : — 

g 146 

^' *■ 136 + degrees Baume. 
or in words divide 146 by the number of degrees EaumS added. 
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of the dry aod empty flask, 

of the flask filled with water, and 




(3) of the flask filled with the liquid. 

The weighing of the flask odm made need not be often repeated. 
It is well to do Eo now and then for safety's sake ; but one weigh- 
ing will seiTO for a large number of determinations. The same 
remarks apply to the weighing of the bottle filled with water. 
The bottle is dried by rinsing out first with alcohol and afterwards 
with ether ; ether in veiy volatile, and a short esposore in a warm 
place will soon drive off the little remaining about the ddes. The 
ether vaponr shonld be sncked out through a glass tube. See that 
the bore of the stepper is dry as well as the bottle. Let the diy 
bottle stand in the box of the baliince for a minute or two before 
weighing. The weight is, strictly speaking, not that of the empty 
bottle, bnt of the bottle filled with air. The empty bottle would 
weigh from 20 to 30 milligrams less. Correcting for this would, 
in most cases, only moke a difference in the fourth place of 
^ecinials,* so that it is better to ignore the error. 

The weight of the flask filled with water is got by filling it with 
distilled water, and inserting the stopper. The excess of water 
will overflow at the margin and through the bore. The bottle is 
wiped with a soft, dry cloth, taking care not to squeeze or warm 
the bottle. The bottle will remain filled to the top of the stepper. 
It is allowed to stand in the balance box for a minute or two, and 
then weighed. 

Distilled water, as stated, shonld be used ; the use of ordinary 
water may increase the weight by 5 or 6 millignuns. Many 
waters, if they have not previously been boiled, give off bubbles 
■of air which render the weighing worthless. 

The temperature of the water is of greater importance ; lower- 
ing the temperature 2° wiU increase the weight l^ lo or iz milli- 
grams. A beaker of water may be warmed or cooled to the re- 
quired temperature; then the bottle is filled from it, and quickly 
weighed. If the balance-room is cooler than the water, the lattti' 
will draw back into the bottle, and a few small bubbles of air will 
enter; but even in extreme cases this will only increase the 
weight by a very cnnl| fraction of a milligram. There is more 
trouble ©.used when the room is warmer, for the liquid then ex- 
pands and protrudes as a drop resting on the top of the stepper. 

• The difference ot jo or 30 iriilligrams is diatf^arded here because it 
detracts equally from the actual weight of the water and iiqoid to be 
det^mimed. If the liquid is a hcarr one the diStieace shows itself in the 
thitdorsecondpkce of decimals. The cotrection may be made hy deduct- 
ing from the weight of the flash 0.0012 gnmu for each gram cf ' 
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Tbere 1*111 in this case be loss by evaporation, which in the case of 
volatile liquids, such as alcohol, ia serious. To prevent 
as well as any that may arise by overflow, the stopper 
should be dilated above into a small cup, A (fig. 36), 
which may itself be stoppered. In a bottle of tliis 
kind the neck of the stopper is graduated, and the 
bottle is considered full \vhen the liquid stands at the 
level of the mark in the neck. On inserting the stop- 
per, the liquid rises into the cup, and ia reduced to 
the level of the mark by absorption with pieces of 
filter-paper. 

For most purposes, however, there is no need for 
cooling and allowing room for subsequent expansion. 
The assayer, as a rule, can select his own standard 
temperature, and may choose one which will always 
necessitate warming. It will be handier in this case 
I bottle with a thermometer stopper. Of the two types 
fig. 37, that with the external thermometer tube (A) is 
generally useful. 
The bottle is filled at a lower temperature, and is then gently 
warmed so as to slowly raise the tem- 
perature to the required degree. The 
superfluous liquid is then at once -wiped 
o2', and the bottle cooled and weighed. 

The weight of the flask filled with the 
liquid whose sp. g. has to be determined 
is ascertained in a similar way. Of 
course the temperature must be the 
same. If the liquid does not mix with 
water, the bottle should be dried before 
fiUing, but otherwise the flask need only 
be rinsed out two or three times with the 

Having obtained the three weighings, 
deduct the weight of the bottle from 
each of the others to get the weights of 
the water and liquid respectively. Divide 
Fia, 37, the latter by the former, the result shows 

the sp. g. As an example, take the fol- 
lowing, in which a rather large sp. g. bottle waa used : — 

1. Weight of bottle 39.299 gram 

3. Weight of bottle and water . . . . 81,884 
3. Weight ol bottle and paraffin . . 73.146 

By subtracting i from 2 and 3 the result is as follow 
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42.585 of water. 33-847 of paraffin. 

Divide the weight of the paraffin by that of the ivaier — 

4s.585)33.847oCo.794S 
29.8095 



The sp. g. of the parafBn is 0.7948. 

The sp. g. ofajusihla soUd may be obtained in the same way at 
& temperature some degrees above its fusing point. 

The sp. g. of a solid in powder or gravel su^iaiently fine to pass 
through the necJc of the bottle is easily determined. If the bottle 
filled with water weighs 50 grams, and there ia placed on the pan 
alongside of it 20 grams of a sand, the weight of the two together 
will of course be 70 grams. But if the sand is put in the bottle, 
it evidently displaces its own bulk of water ; and if, on again 
weighing, the weight is found to be 62 instead of 70 grams, it ia 
because the 20 grams of sand bas displaced S grams of water. 
Bulk for bulk, the sand is 2^ times as heavy. 

In practice, the weight of the bottle filled with water will pro- 
bably be already known; if not, it must be determined, A 
certain quantity, say 20 grams, of the powdered substance is then 
transferred carefully to the bottle. The bottle need not be dry 
inside, but its neck and outside must be. In making this trans- 
ference a careful worker will make no loss, and the mode of work- 
ing saves a little time. But it is better to weigh the dry flask ; 
put into it 10 to 20 grams of the powder, and weigh again. The 
increase in weight gives accurately the weight of powder in the 
bottle. About two-thirds fill the bottle with distilled water, and 
mix with the powder by gentle shaking. Air bubbles will disen- 
tangle themselves, and rise to the surface of the water. "Wasli 
back anything adhering to the stopper with a jet of water, and fill 
the bottle almost to overflowing. Allow it to stand for a minute 
or so J replace the stopper ; warm to the required temperature ; 
take off the superfluous moisture ; wipe and weigh. As an 
<acample, take the following : — 



. Weight of bottle .... 
„ „ bqttle EUcd with water 
„ „ bottle with wolfram . 
„ „ bottle witli wolfram and m 



3770S 




TEXT-BOOK OF ASSAYING. 



Subtract (i) from (3) to get the weight of wolfi-am 
40.821 grams 



taken S^^^| 



add the weight of the wolfiam to the weight of the bottle filled 



I 



65.S4S „ 
subtract {4) from this to get the weight of water displaced 
65.S48 grams 
61.199 .T 

4.649 „ 
Divide the weight of the wolfram by the weight of the water 
displaced to get sp. g. : ^h 

4.649) 28.140(6.053 -^H 

27.S94 ^M 



If the solid IS soluble in water, or has a tendency to fioat, earns 
liquid other than water is used. Paraffin oil or oil of turpentiii& 
will do. The process is as follows ; — The weight of the dry and 
empty bottle having been determined, add a sufficiency of the sub- 
stance and weigh again to find how much has been added. Illl 
up with paraffin oil and weigh again. Clean out the substance by 
rinsing with paraffin ; fill up and weigh. Calculate the sp. g. as 
if water bad been used, and multiply by the sp. g. of the paraffin. 

Eor example : 



:. Weight of bottle 

I. „ „ battle and nitre 

'„ „ „ bottle and paraffin . 

;. „ „ bottle and paraffin and n 

;. „ „ bottle and water 



39.299 gram* J 
S7.830 „ J 
73-146 .. ■ 
S4.665 „ ■ 



First from {1), (3), and (5), calculate the sp. g. of tbe parafSn 
B3 already shown. It will be 0.7948. Deduct (i) from (2) to 
got the weight of the nitre ; 

57.830 grams 
39-299 » 



S-S3r 



J 



add this to (3) : 
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18.531 grams 
73-146 „ 



91.677 „ 
and deduct (4) to find the weight of the equal bulk 01 paraffin : 
91.677 grama 
84.665 „ 

7.012 „ 
divide the weight of the nitre by the weight of the paraffin : 
7.012)18.531(2.6427 



The sp. g., taking paraffin as the standard instead of water, is 
a. 6427. Multiplythbby the sp. g. of paraffin, 0.7948, and the re- 
sult is 2.1004 "s the sp. g. of nitre compared with water. 

Similarly, a sp. g. compared with water at say 50° C. can be con- 
verted into 0B6 compared with water at standard temperature, by 
multiplying by the sp. g. of water at 50° C. The following table 
gives the sp. g. of water at various temperatures :— 



cSss.. 


Sp.Q. 


cf/^,. 


Sp.G. 


cZ^^,. SP.G. 


15° 


a9997 
0.9991 


ao° 


0.9982 
0,9971 
0-9957 


100° 0.9586 



If, for example, a substance at 50° C. has a sp. g. of o.goio as 
compared with water at 50° C, it will have (compared with water 
at 4° 0.) a sp. g. of 0.9010 X 0.9881 ; or 0.8903. The figures 0.8903 
represent the sp. g. of the substance at 50° C. compared with water 
at 4° C. Except in comparing the sp. gravities of the same sub- 
stance at different temperatures, a calculation of this kind serves 
no useful purpose. 

In taking the specific gravity of a solid not in poieder, a lump of 
it is freed from loose particles and its exact weight determined. 
By means of a horse hair with a slip knot it is suspended to the 
balance, and beneath it is placed, out of contact with the balance 
pan, a beaker of distUIed water. The horse hair must be long 
enough to keep the mineral well beneath the surface of the water 
flo aa to allow the balance to vibrate. Air bubbles are removed 
by touching with a camel-hair pencil. Whilst the mineral is 
inded in water the weight is again taken. It will weigh less 
before, and the difTerence between the two weiglmi^K @.n«;& 
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the weight of wac^ iiniL naseqiieiitiy' die volmne) <iisplBced br 
the mineraL The wfri^zhz in air <iiviiieti by che dTTfpfnmce u die 
specif imviiy. Thus 

Weight in air 3.2170 zsims 

Weight in -water 2.7050 ^ 

Di^ere^ncs ... . 0.5122 gprsn. 

3.2X70-fr'a.5i2G eqiiaia 3.^3. the sp. 2. 

The 3p. g. of a sabscance iepenua maizuT an its coin.pos£LQBy 
hut Ls affected bv cerrain <2oiuiitioii5. The fftfecc of tempen- 
tare haa been alreadv caii:3iderecL Air holes aziii empty spaces 
leflsen the specidc gravity of otherwise aolid bodies : :mji mecalsy 
which after fiisioii become impertect: siiids. have their decker 
increased by hammering <jr roiling. But mecals when, free 
from porea have tiieir liexkdcy •iimiiii^hefl when roHiedy withocxt 
annealing. The electa of zkese condirzons are di^tst when 
compared with these <iue to the presence of impnritieai. 

For dimple anbscances. or mixtures of only two sobstances, 
a determination of sp. g, is a sadScient check on the compoatiKXi 
for many pra4'.ncal purposes : ami with mi^re complex mixtures, 
such aa slags and some oc tiie products of dressing operations in 
which the material 'ioes mst •lilfer much in its nature £rozn time to 
time, such a determination will vieM information of considerate 
value, and afford a check upon the pn^per working of a pcocess. 

When the mixing of two substances is accompaniied by a change 
in volume, the sp. g. of the mixture can only be learnt by experi- 
ment. But when the subtstanoes have no such action on each 
other the resulting ap. g. can be calculated. Some of these calca- 
lations have a practical interest as well as an edncaticHial value. 
Students should practise them so as to become ^"»^^*' with the 
relation.^ between weight anti volume. 

Wh^n sru^j^iances an mixnd hy t'lhima^ the sp. g. of tbe mixture 
TA the mean of those of its constituents, and may be caknlated 
in the usual way for obtaining averages, i cc of a sab- 
Ktance having a sp. g. of 1.4 mixed with i c.c. of another having 
a t^K g. of i.o will yield 2 c.c. of a substance having a 
ftp. g. of 1.2. If, however, we write gram instead of cc. in 
the aVx;ve statement, the resulting sp. g. will be 1.16- The 
ftirnplest plan is to remember that the sp. g. is the weigiht divided 

by the volume (sp. g. = — ] and the sp. g. of a mixture is the sum 

of the weights divided by the sum of the volumes (sp. g.« 

^^ "*" * — ^,-1 — '\ In the above example the sum of the volames 
7; + 7/ + v\ <kc. / 

Ih 2 c.c. ; the weights (got by multiplying each volnme by its 
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c o rreqw H idiiig sp, g.) are i^ g^^^*^ <^d i gram. The som of the 

weights divided hj the som of the Yolnines is -^ or 1.2. 

The sp. g. of a mixtoie of 10 cux of a sabetanoe having a sp. g. 
of 1.2, with 15 exL of another having a sp. g. of 1.5 maj be thus 
found : — 

12-22.5 o 

sp. g. = = 1.38 

^^ 10+15 ^ 

mnlti|^ eadi Tohune bj its sp. g. to get its weight : 

10x1.2 = 12 '5^1-5 = 22.5 

add these together (12 + 22.5 = 34.5) and divide bj the sum of 
the vcdnmes (10 + 15 =- 25) : 

«5) 34-5 (1-38 

95, &a 

The sp. g. win be 1.38, provided the mixture is not aooompft- 
nied bj any change of vcdame. 

The same f onnida will serve when the proportion of the ingre- 
dients is given bj weight. A mixture c^ 4 parts bj weight of 
galena (sp. g. 7.5) with 5 parts of Uende (sp. g. 4) will have a 
sp. g. of 5.06 : 

4+5 9 ^ 

0.53+1.25 1.78 ^ 

It is necessary in this case to calculate the volumes of the 
galena and of the Uaide, which is done by dividing the weights 
by the ^ gravities: thus, 4 divided by 7.5 gives 0.53 and 
5 divided by 4 gives 1.25. 

The converse problem is a little more difficult. Given the 
sp. g. of a mixture and of each of the two ingredients, the per- 
centage by wei^t of the heavier ingredient may be ascertained 
by the f (lowing rule, which is b^ expressed as a formula, 
lliere are three sp. gravities given ; if the highest be written H, 
the lowest L and th^ of the mixture M, then : 

Percentage of heavier minend= 122^^0^) 

Suppose a sample of tailings has a sp. g. of 3.0, and is made 
up of quartz (sp. g. 2.6) and pyrites (sp. g. 5.1) : then the per- 
centage of pyrites is 27 : 

lODx 5.1 x(3 — 2.6) 510x0.4 204 

7 Z\ — ~ == — = 27.2 

3.^(5.1-2.6) 3x2.5 7.5 ' 

The same problem could be solved witii the help of a little 
algebra by the role already given, as thus : the sp. g. of a mixture 



36 rssr— X'^x 7 i.^s^Trrc, 

«>nuaifl ~hp- -mxL r 'n^ '^-'inu z ne- tszisnriiHzai iiTided err tJib 
4iiin It* ~\\A fHKnit*.^. TLefi .;z .TtLzm >r lie "ailing^ wiczi r per 
f!enr. it i^nif^ ■r^.riiz. .;z — ■ "er -esn. jf nzazrzL Thg som. of 



;he veicnrsi j? :cc- rLe- ti-tt"!^ f -n& J^>^^?I^f^ ia j^ and of cfaa 



qujir?"^ 



Tlien T^e jiirt^ ■—lid' "^-j^ 
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iiiii .- = r*.i 
If the per'*p!ir.ic? ?' lull ^. Z. ^ ir ine amsdHsLent and the 
ap. g. if -f -xie Tii-mir? ixr* mi'wTi. The sn. x. ':f nte other con- 
stitai^n*: nuij :< !.«ui!TXiar«*ti i^ "^^-^ f-:ili:w:zi^ sarsLoiAy in which 
X w the rer.-.ireii ar.j. 

'■ tt::^ — = 5 

For example, •* ^i;'-'-. jga " -p z j. : arcarning 27,2 per cent 
of pyrites < sp. ^. 5. : -rill j-.c.-.,!..— . : ic - 2 7^ •• 72-8 per cent, of 
earthy matter ha-rlr.^ 1 zl&iz. ^z. x. :c r : 

izo- zz-2 « ; • 5-1 

i:= — - — \ 

'IZ.Z * 5.: - 17.2x3) 



Tlio (lifTorencefl in sp. g. corresponding to differences in atrength 
liavo bnon (direful ly determined and tabulated in the case of the 
Rtroii^or ncidH and of manj other liqoids. Such tables are giTen 
at ihn nnd of thiH buok. 

To (-itfcidate the Weight of a Jfeasured Volume of Mineral of 
/iNvA'. - M ult'iply t}io cubic feet bj 62.4 and then multiply by the 
f*p< K. nf iho NiufT, thf) answer gives the weight in pounds. For 
t^xrtiuplo, 100 cul)ic foot of quartz weighs 100 x 62.4 x 2.6 s 
10.224 ^^'^- '^^^^^ woi^Iit of any mass of mineral of known extent 
uni) 8p. ^. is asciM'iiiinod in tliis way. 

Tho following UMi^ gives the specific gravities of some of the 
commoner n\inovaIs. 



U:uvt08. . .4.5 

)^Wn«1o • . .4.0 

l\"^Vi1<» . , .2.6 

0«j«Mlon<e , ,6.9 

Ch«ilvlMto . . 3.8 

CV^pivv pynt<^s •4.2 Quartz • 



Fhior . 
Galena . 
H:iimatite 
Mispickel 
Pvritos . 



• 3-x 

• 75 

. 0.2 

. 2J6 



PABT II.— THE METALS. 



CHAPTER IX. 
SILVER, GOLD, PLATHTtTM, MBBCTJRT. 

SILVER. 

Silver is widely diffused, and haa been found in most mining 
districts. It occurs native in sufficient quantityto constitute one 
of the chief ores of tlie metal. It also occurs com.bined with 
Bulphur (as in avgentite), with sulphur and antimony (aa in ste- 
phanite or brittle silver ore, and in pyrargyrite or ruby silver), 
and with copper, sulphur, antimony, and arsenic, as in polyhasite. 
Chloride of silver occurs native as hom silver or kerargyrite, 
•Silver is found in the ores of other metals, such as fahlerz, which 
eometimes cOBtains from two to ten per cent, of the metal, and 
galena, which is an important source of it ; in fact, galena is never 
found entirely free from silver. It is present also in greater or 
less quantity in the ores of copper nnd zinc, 

Silvei- dissolves readily in nitric acid, forming silver nitrate 
It only forms one family of salts, and of these the chloride and 
nitrate are of chief importance to the assayer. The formation of the 
chloride of silver on the addition of hydrochloric acid or a soluble 
chloride to the nitric acid solution, serves for the recognition ai 
separation o£ silver. The precipitated chloride is white (becoi 
ing violet on exposure to light), insoluble in nitric acid, soluble ii 
ammonia, hyposulphite of soda, or concentrated solutions of chlo- 
rides. The best confirmatory test is made by wrapping the pre- 
cipitate in a little sheet lead, and cupelling, when the silver will 
be left in the metallic state, and is easily recognized. 

Dry Assay. — This assay is made up of two parts; (i) the 
concentration of the silver in a button cf lead; and (2) " 
cupellation of the resulting alloy. The concentration of 
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follows : — A scorifier (fig. 38)' 
selected (one 2^ inch ea across ia- 



nd it is introduced, with the- 
telp of a scorifier tongs (fig. 39), into a muffle heated consider- 
ably above redness. The muffle is then closed, and when the 
letal has melted down, it is opened, but the tempemture is kept 
A ring of slag will, after a time, form around the metal, 
when this appearance (known as the eye) presents itself, the 

mperature may be lowered. When the eye 
j— that is, when the layer of slag 

. quite closed in — a pinch of 

wdered culm wrapped in tissue 

jer is added. As soon as the 

g has again become tranquil, tha 
Bcorifier ia taken out, and its con- 
tents are poured into a mould {fig. 
40), the sing is detached, and 

saved. If the button of metal weighs mora than 30 grama, 
its size ia reduced by another ecorification in the same scorifier, 
which should have been replaced ia the muffle immediately after 
the contents had been poured out. If the ore is not a very rich 
one, the button of lead will cany practically all the silver ; but 
with rich ores it ia more Hatisfaf;tory to save the slag, and subse- 
quently to melt it down with the cupel on which the lead haa 
been treated, so as to recover the silver lost in the slag, together 
with that absorbed in the cupel, at one operation. Or, if the 
cupellatioD loss is neglected or calculated in some other manner, 
tl)e slag or slags from the scorifier may be powdered and mixed 
with so grama of oxide of lead, 5 grama of borax, and I gram of 
charcoal. This should be melted down in a small crucible, and 
the resulting button of lead cupelled. 

If the scorification has been unsatisfactory, the quantity of silver 
obtained from the slag will be by no means inconsiderable. The 
usual explanation ia that with sulphury ores compounds of metal- 
lic osidea and sulphides {oxy sulphides) are formed, which remain 
in the slag, retaining considerable quantities of the precious metaL 
It is said that under certain conditions such a slag may contain 
as much as 10 per cent, of silver. An excess of lead and a high 
temperature prevents the formation of these osysulphides. But 
if much silver is present in the ore, the^atog^^mo^^^c^ 
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n away, even if sulphur is absent, and the process lus been 

satisfactorily performed. 

If the crust which appears on the surface of the lead doK not 
clear, add a small lump of borax and 20 grams more lead : then 
close the muffle, and keep the temperature as high as possible. 
If the slag forms properly, but shows uofused or only half -fused 
lumps, even when the 5cori£cation has proceeded for eoine time, 
a borax, and stir with an iron rod. The slap adhering to 
the rod must be detached by hammering, and replaced in tha 
scorifier. 

If the ore consists Inrgely of quartz, soda should be added 
jiBtead of borax ; or, if it c intains much copper, powdered quarts 
may be used. If the sctrilier at the end of an operation ia more 
than usually corroded, the boras should be replaced in eubseqnent 
assays on similar ores by powdered glass or quartz. | 

If a fairly fluid slag ia formed which does not clear from the 
metal and show the eye, more lead and a higher temperature is 
wanted. 

Asageneralrule, itmay bestated that wbenascorificationisuD- 
Batisfactory, what is wanted is more heat, more lead, or more borax. 

It is a safe plan when work has to be done on a strange ore, to 
make three or four assays with varying quantities of lead. The 
proportion of lend is right when a further addition does not yield 
a higher result. The proper proportion having been foui^, a 
note of it should be made for future use. 

POT ASSAYS. 

The object of the fusion in a crucible, like that of scorifica- 
tion, ia to concentrate the silver in a button of lead which 
is to be subsequently cupelled; and to retain the earthy and 
waste matters in the slag. It ia necessary to consider the quality 
of the slag and the weight and quality of the lead. The slag when 
fused should be liquid and homogeneous, and not too corrosive on 
the crucible. The button of lead should be soft, malleable, and 
free from a coating of regulns.* In weight it should not differ 
much from the ore taken. With 20 grams of ore, for example,^ 
button of lead weighing from 18 to 25 grams will be satisfactory : 
less than this would leave an undue proportion of silver in the 
slag ; and more would be unnecessarily large for cupelling, and 
would increase the loss in that operation, 

"With average ores, take 30 grams of the powdered ore and mix 
with 30 grams of " soda," 40 grams of red-leiid or litharge, 5 granu 
of borax, and from 2 to 2.5 grams of Sour, and place in an E cm- 

• A rod of iron placed in the cmcible with the assays will 
any iBRulus that may be formed. 
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■■cible (Batteraea round). Put these in the furnace at a red Leat, 
cover the crucible, and gradually raise the temperature until the 
whole chai'ge has melted down and is in a state of tranquil fusion. 
Pour into a mould, and replace the crucible in the furnace. As 
soon as the lead ia solid, detach the slag and put it back into the 
-crucible ; and when it ia again fluid, charge on to it with a copper 
^eoop a mixture of 20 grams of oxide of lead, and i gram of cliar- 
-coal : when fusion has again become tranquil, pour and detach the 
button of lead. The lead buttons should be hammered into discs 
with rounded edges, and be freed from slag ; if too big for a cupfl 
they may be sconfied together in a small scorifier, but it is better 
to cupel them separately. 

Ores containing Metallio Oxides. — Peroxides of iron, 
manganese, and copper interfere by countera<^ting the effect of tho 

■ charcoal or flour, and thus reducing the size of the lead button. 
Pei'oxide of iron will reduce the weight of lead bya little moi-o than 
its own weight ; and peroxide of manganese has about twice thia 
effect. When these oxides are present an additional quantity of 
flour must be used, and precautions must be taken to prevent re- 
oxidation of the slag by the furnace gases. This may best be pre- 
vented by using a layer of common salt as a cover to the charge. 
When the ores contain a good deal of quartz or stony matter, the 
fluxes just given (for average ores) will do ; but the proportion of 
soda should be diminished, and that of the borax, oxide of lead, and 
flour increased as the quantity of raetalKc oxides become greater. 
If the ore contains practicaUy no quartz, the soda may be altogether 

■ omitted, and some glass or powdered quartz added. The following 
-charge may be taken as an example : weigh up 20 grams of the 

powdered ore, 15 grams each of " soda" and borax, 60 grams of 
oxide of lead, and 5 grams of flour. Mix and place them in an E 
crucible, and cover with a layer of from a quarter to half an inch 
of common salt. Place in the furnace as before. The salt will 
give off a considerable amount of fume, which will, to a certain 
extent, conceal the state of the charge ; when the crucible has been 
in the furnace for about 25 mtDutea remove it and pour out the 
contents immediately. With ores that produce a thick slag the 
addition of 5 grams of fluor spar will be an advantage. It may 
happen that with an unknown ore the first assay will be more or 
less unsatisfactory : but from it the necessity for adding more or 
less flour will be learnt, and a second assay, with the necessary 
modification of the charge, should give a good result. 

Ores containing much Sulphides. — Ores of this class may 
be easily recoguized, either by the appearance of the minerals th^ 
■contain or by the odour of sulphurous oxide (SOj) which they 
•evolve when roasted on a spatula. The salphides most commonly 
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present, in addition to the sulphurizeil minerals of eilver, SI^ 
pyrites, galpna, blende, and mispickel. When they are present b 
only a modei'ate amount, their eflect is simply to increase the 
weight of the button of lead ; and this is easily counteracted t^ 
reducing the amount of floyir, or by omitting it. When in larger 
amounts, they not only yield large buttons, but also render the 
metal sulphury, sometimes even giving a button of regulus instead 
of lead. This last evil may be remedied (i)by putting in a rod of 
iron as sooa as the charge has fused, or (2) it may be counteract*!! 
by a proper addition of nitre, or (3) when the sulphides present 
are only those of iron or copper the sulphur may be removed by 
calcining, and the ore converted into one of the class containing 
metallic oxides. The calcination is effected as follows :— Weigh np 
20 grams oE the powdered ore and place it in a wide-mouthrf 
crucible sufficiently large to perform the subsequent iflelting down 
in. The roasting must be done at a gentle heat at first, so as to 
avoid clotting : the mouth of the crucible should project conader- 
nbly above the coke, and should slope forward towards the worker. 
The charge must be occasionally stirred with the stirrer (fig. 10) 
so aa to expose fresh surfaces to the action of the air, and to pre- 
vent adhesion to the sides of the crucible. The stirrer should not 
be removed till the calcination is finished. The temperature 
should be raised at the end to a good red heat ; and (to ensure tlie 
decomposition of any sulphate that may be formed) the roasted 
ore should be rubbed up in a mortar with a pinch of anthiadte, 
and again calcined. It is then mixed with fluxes as described, and 
fused in the same crucible. 

The calcination of an ore is a work occupying a good deal ot 
time, and, in most cases, it is better to take advantage of tbe 
desulphurizing power of red lead or nitre. Red lead by itself 
will do, but a large quantity of it will be required; i put of a 
metallic sulphide needs from 20 to 50 parts of red lead to yields 
button free from sulphur; whereas at most from 2 to 3^ parts of 
nitre are sufficient. There is sometimes an advantage in haviog 
a considerable excess of oxide of lead in the slag, but where there is 
no such reason, 2 parts of red lead to 1 of ore is enough. A charge 
which will do for most sulphides is the following : 20 grams of 
ore, 40 to 100 gramea of red lead, 20 grams of " soda," g of borax, 
and sufficient nitre (or perhaps flour) to give a button of about 
25 grams of lead. How much this must be (if not already known) 
may be approximately determined by fusing 3 grams of the ore 
and 3 grams of " soda " in a small crucible (C) with 50 grams of 
litharge (not red lead) under a cover of salt, and weighing there- 
suiting button of lead. Subtract 3 from the weight of lead obtained, 
and the difference multiplied by 1.3 will give the quantity in 



grams of nitre required. If tlie button of lead weighs less than 
3 grama flour must be added. If this is not satisfactory repeat 
the assay, adding an estra gram of nitre for each 4 grams of lead 
in excess of that required, or i gram of flour for a 12-gram 
deficiency. 

In the method in which iron is used aa a de-siilphurising agent, 
only as much oxide of lead should be added as will give a button 
of lead of the required size. Bather a large button of lead should 
be got, and the eiag should be strongly alkaline ; if the ore does 
not already carry a large amount of sulphur some should be added. 
The fusion should be performed at a low temperature (similar to 
that for a galena assay), and should be continued for some 
time after it has become tranquil. Take 20 gi-ams of the ore, 
40 grams of "soda," 40 grams of oxide of lead, and 5 or 10 
grams of borax ; place this mixture in a crucible (with a rod of 
iron, as in the galena assay), cover, and fuse for about half an 
hour. Take out the rod, washing it in the slag, and, in a minute 
or two, pour. Clean and cupel the button of lead. 

General Remarks on the Fusion.. — Other things being equal, 
the smaller the quantity of the slag the better, provided there is 
aufScient to cover the metal. The presence of peroxides of the 
heavy metals is prejudicial, since they tend to increase the quantity 
of silver retained in the slag. It may be given as a general rule 
that when iron, copper, manganese, ic., are present, there is a more 
than ordinary need for cleaning the slags, and care must be taken 
to keep these metals in the state of lower oxide. 

In selecting the fluxes, it should be remembered that soda is 
the best for qunrtz, and borax for lime and metallic oxides. And 
that with ores almost free from gangue some quartz or glass 
should be added to protect the crucible. Two parts of soda are 
enough to flux i part of quartz ; whilst of borax, or oside of lead, 
4 parts are barely sufficient. Oxide of lead has the advantage of 
being heavy and so does not occupy much space in the crucible ; 
on the other hand, if the melting down be performed too quickly, 
or if oxide of lead only is used, this high specific gravity is a dis- 
advantage, for the lighter earthy matter floats as a pasty mass on 
the more fluid oxide of lead, and thus escapes its action. 

When metalhc sulphides are present in the ore, an exoeas of 
oxide of lead helps to keep the sulphur out of the button of metal. 
In addition to the oxide of lead required as a flux, some will be 
required to provide the lead in which the silver is to be collected. 
Oxide of lead, mixed with charcoal or flour, yields, when heated, 
a multitude of minute buttons of metal uniformly distributed 
through the mass of the chai'ge ; as the charge melts down these 
ran together and fall to the bottom ; this shower of lead collects 
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equals the Bnm of the toeigkta of the constituents divided by the 
sum of the volumes. Then loo grams of the tiiilings with x per 
cent, of pyrites contain loo— a: per cent, of quartz. The Bum of 

the weights is loo. The volume of the pyrites is — and of the 

quartz — T — ■ 

Then we have by the rule 



204 = 7-5* 
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If the percentage (P) and sp. g. (H) of one constituent and the " 
Bp. g. (M) of the mixture are known, the sp. g, of the other con- 
stituent may be calculated by the following formula, in which 
te is the required sp.?. - 

(■oo-^F)»M«H 

For example, " tailings " (sp. g. 3.0) coDtaining 27.2 per cent. 
of p^tes (sp. g. 5.1) will contain (100-27.2), 72.8 per o 
earthy matter having a mean sp. g. of 
_ (too- 27.2) X 



"'(" 



<S->)-(27.2 
"1.2.6 



3) 



per cent. 



428.4 

The differences in sp. g, corresponding to differences 
have been carefully determined and tabulated in the 
stronger acids and of many other liquids. Such table 
at the end of this book. 

To Calculate Ike Weight of a Measured Volume of Mineral or 
fiocA.— Multiply the cubic feet by 62.4 and then multiply by the 
sp. g. of the stuff, the answer gives the weight in pounds. For 
example, 100 cubic feet of quartz weighs 100 x 62,4 x s.6 = 
16,224 Iba. The weight of any mass of mineral of known extent 
and sp. g. is ascertained in this way 

The following table gives the specific gravities of 
commoner minerals. 



strength 
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Barytes . 


■ 4.5 


tlnor 


Blende . 


. 4-0 


Galena 


Calcite . 


. 2.6 




Casslterits . 


. 6.9 


Mi>pickEl . 


Chalybita 


. 5.8 


P^intLh . . 


Copper pyrites 


, 4-2 


Quartz . . . 
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the same weight as tliat Dbtained with litharge. To get a button' 
of a desired weight, say 22 grams, we must add reducing agent 
sufficient to throw down 22 + 16 or 38 grams of lead, which would' 
require 3.4 gratriB of flour. If this amount of flour ia fused' 
with 80 grams of red lead, a button of lead weighing 22 grama 
will be formed, the other 16 grama being kept up by the oxygen, 
of the red lead. 

If the quantity of red lead diflers from 80 grams, this rule must 
be modified. "With 40 grams of red lead, for example, we should' 
add an excess of reducing agent sufficient to throw down 8 grama 
of lead instead of 16, Similarly, with 160 grama of red lead, we 
should add enough to throw down 33 grams. 

The following rule will enable one to calculate the weight of 
flour required to produce a button of lead of any desired weight 
from any given quantity of red lead. Eacli 5 grams of red lead 
present diminishes the weight of the lead by i gram. If then 
we divide tlie weight of red lead in a charge by 5, and add this to 
the weight 0/ lead required, the sum divided hy ii will give the 
weight of flour which mvst be added. Using So grams of red lead 
and wanting a button of 20 grams, we should add 3.3 grams of 
flour. 

So -;■ 5 = 16 ; 16 + 20 = 36 J 36 + II = 3,3 nearly. 

The following are some results obtained which will illustrato ■ 
the rule : — 

lied Lead used. Flour used. Lead got. 

40 gmms ... 3 grams ... 25.0 grams 

^m 10° 3 13' 5 » 

^K So 4 „ ... 30.0 „ 

^M So „ ... s ,• - 400 » 

^|m the Reduoing Effe^ of Metallic Sulphides, and the Counter- 
adtng Effect of Nitre. — The sulphides found in ores will reduce 
a button of lead from oxide of lead just as flour does; and, as 
charcoal, flour and tartar differ in their reducing power, so equal 
weights of the different mineral sulphides throw down different 
weights of lead. 

One gram of iron pyrites yields about 11 grams of lead. One 
gram of copper pyrites, blende, fablcrz, or mispickel, yields 7 or 
8 grams of lead, whilst i gram of a.ntimoaite will give 6, and 
I gram of galena only a little over 3 grams. It is evident that if 
an ore carries much of these sulphides, the quantity of lead ra- 
duced will be very much larger than that required for an assay. 
To counteract this effect nitre is added ; i gram, ia added for each 
4 grama of lead in exceaa of that required. For example ; with a 
ao-gram charge of an ore containing go per cent, of pyrites, if no 
Qttre were added, no grams of lead would be got; or, if there - 
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bttttoD of lead ma; be effected either by scorification a 
in a crucible. 

The Bcorification assay ia performed in a Ecorifier, which is ft 
•hallow open-mouthed dish about z| inches across, with a very 
thick bottom to enable it to withstand the corrosive action of the 
slag. A charge of more than 3 or 5 grams of the ore cannot be 
worked in one, and with such small charges the anavoidabl» 
varistionB have a serious efTect on the figures reported. A differ- 
ence of one milligram on the weight of the button of silver got 
repreeentfi a difference of 6 or 10 ounces per ton. With rich 
ore* such variation is unavoidable under any eoniJitionH, and the 
tmly safe plan is to take the mean of several assays. But with 
poorer ores the accuracy of the assay, as well as convenience in 
working, is much increased by working in a crucible with larger 
chargtsi. 

In gcorification the proportion of lead required for scorifying 
I gram of ore is in average coses from 10 to 15 grams, sinking in 
the case of galena to a grama, and rising with earthy and refrac- 
tory substances to from 30 to 40 grams. But by fusing in a 
crucible with well-selected fluxes, a proportion of 4 of flui to 
I of ore ia generally sufficient ; and not only is the proportion of 
added matter less, but it is also easier to manipulate large quan- 
tities in crucibles, so that, although in some cases the crucible 
assay is more troublesome and less satisfactory, yet with poor 
and earthy ores it is the best method of dealing with them ; while 
when properly worked it yields results as accui'ate as scoriflcation 
does. Aa a general rule, if mora than 5 grams of ore must be 
taken, tbe crucible assay should be adopted. 

Scorifioation Assay. — The charge of ore ia usually 3 graniB, 
sometimes 5 ; the lead varies from 30 to 70 grams, and the quan- 
tity of soda, borax, or powdered glass added varies from 0.3 to 3 
or 4 grams. It is generally recommended to have the lead granu- 
lated,* and to mix the ore with about half of it in the scorifier; 
then to put on the rest of the lead ; and 
~ lally to sprinkle the borax or glass on 
the top. It answers just as well, how- 
to use the lead in the shape of 
md wrap the ore up in it ; and if 
are contains much sulphur, the 
Fio. 38. borax may with advantage be added 

(wrapped in a little tissue paper) soma 
five or ten minutes after the operation has started. 

• Lead may be granulated bj heatitiK it to a little above the meltiiM 
point, pourlc^ it into a closed wooden box, aad rapidly Eigitating it aia 
BolidiScs. 
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The process of scorifieation is as follows : — A seorifier (fig. 38)' 
of convenient size having been selected (one 2J inches a 

most generally 

useful), it is ^ 

dried at a gentle 
heat for about 
ten minutes. 

The chnrge is then put into it, and it is introduced, with the 
help of a seorifier tongs (fig. 39), into a mnffle heated consider- 
ably above redness. The muffle is then closed, and when the 
metal has melted down, it is opened, but the temperature ia kept 
up. A ring of slag will, after a tinie, form around the metal, 
and when this appearance (known as the eye) presents Itself, the 
temperature may be lowered. "When the eye has disappeared 
— that ia, when the layer of slag 
has quite closed in — a pinch of 
powdered culm wrapped in tissue 
paper is added. As soon as the 
ela^ has again become tranquil, the 
Bcorifier is taken out, and its con- 
tents are poured into a mould (fig. 
40), the slag is detached, and ' ^ 

saved. If the button of metal weighs moi^ than 30 grama, 
its size is reduced by another scorifieation in the same seorifier, 
which should have been replaced in the muffle immediately after 
the contents had been poured out. If the ore is not a very rich 
one, the button of lead will carry practically all the silver ; but 
with rich ores it is more satisfactory to save the slag, and subse- 
quently to melt it down with the cupel on which the lead has 
been treated, so as to recover the silver lost in the slag, together 
with that absorbed in the cupel, at one operation. Or, if the- 
cupellation loss is neglected or calculated in some other manner, 
the slag or slags from the seorifier may be powdered and mixed 
with 20 grams of oxide of lead, 5 grams of borax, and i gram of 
charcoal. This should be melted down in a small crucible, and 
the resulting button of lead cupelled. 

If the scorifieation has been unsatisfactory, the quantity of silver 
obtained from the slag will be by no means inconsiderable. The 
usual explanation is that with sulphury ores compounds of metal- 
lic oxides and sulphides (osysulphides) are formed, which remain 
in t!i8 slag, retaining considerable quantitiesof the precious metaL 
It is said that under certain conditions such a slag may contain 
as much as 10 per cent, of silver. An escess of lead and a high 
temperature prevents the formation of these oxysulphides. But 
'* uch silver is present in the ore, the slag cannot be safelY 
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POT ASSAYS. 

The object of the fusion in a crucible, like titat of sooiifica- 
tion, is to concent ni:e the silver in a button of lead which 
is to be sul^sequoiitly cupelled: and to retain the earthy and 
waste matters in the slac. It is necessary to ccmsider the quality 
of the slag and the weight and quality oi the lead. The slag when 
fused should be liquid and homogeneous, and not too carposive on 
the crucible. The button of lead should be soft, malleable^ and 
free from a coating of regulus.* In weight it shomld not di£Eer 
much from the ore taken. With 20 grams of ore, for example, ft 
button of lead wei^hinsr from 1 3 to 25 grams will be satisfactoiy : 
less than this would lesive an undue proportion of silver in the 
slag ; and more would l^ unnecessarily large for capeUingi and 
would increase the loss in that operation. 

With average ores, take 20 grams of the powdered ore and mix 
with 30 grams of *^ soda." 40 grams of red-lead or litharge, 5 grams 
of borax, and from 2 to 2.5 grams of flour, and place in an £ cn- 

* A rod of iron placed in the cmcible with the assays wQl dBCo m po* 

any reg:ulas that may be formed. 



■cible (Battersea roand). Put tfaese in the furnace at a red heat, 
cover the crucible, and gradually raise the temperature until the 
whole ehar^ has melted down and is in a state of tranquil fusion. 
Pour into a. mould, and replace the mucible in the furnace. As 
soon as the lead is solid, detach the slag and put it back into the 
•crucible ; and when it is again fluid, charge on to it with a copper 
.scoop a mixture of 20 grams of oxide of lead, and r gram of char- 
■coal : when fusion has again becoauo tranquil, pour and detach the 
button of lead. The lead buttons should be hammered into discs 
with rounded edges, and be freed from slag ; if too big for a cupel 
they may be sconfied together in a small scorifier, but it is better 
to cupel them separately. 

Ores containing Hetallic Oxides. — Pero^des of iron, 
m&nganese, and copper interfere by counteracting t1ie effect of the 
■charcoal or floor, and thus reducing the size of the lead button. 
Perosideof iron will reduce the weight of leadbyalittle more than 
its own weight ; and peroxide of manganese has about twice this 
efTect. When these osides are present an additional quantity of 
flour must be used, and precautions must be taken to prevent re- 
oxidation of the slag by the furnace gases. This may best be pre- 
vented by using a layer of common salt as a cover to the charge. 
When the ores contain a good deal of quartz or stony matter, the 
fluxes just given (for average ores) will do ; but the proportion of 
.soda should be diminished, and that of the borax, oxide of lead, and 
(lour increased as the quantity of metallic oxides become greater. 
If the orecontains practically noquartz, thesodamay be altogether 
omitted, and some glass or powdered quartz added. The following 
charge may be taken .is an example : weigh up so grams of the 
powdered ore, 15 grams each of " soda" and borax, 60 grams of 
oxide of lead, and 5 grams of flour, ^lis and place them in an E 
crucible, and cover with a layer of from a quarter to half an inch 
-of common salt. Place in the furnace os before. The salt will 
give off a considerable amount of fume, which will, to a eertein 
extent, conceal the state of the charge : when the crucible has been 
in the furnace for about 25 minutes remove it and pour out the 
contents immediately. With ores that produce a thick slag the 
addition of 5 grams of fluor spar will be an advantage. It may 
happen that with an unknown ore the first as^y will be more or 
less unsatisfactory : but from it the necessity for adding more or 
less flour will be learnt, and a second assay, with the necessary 
modification of the charge, should give a good result. 

Ores containing much Sulpliidea.— Ores of this class may 
be easily recogniKed, either by the appearance of the minerals they 
■contain or by the odour of sulphurous oxide (SO,) which they 
•evolve when roasted on a spatula. The u^phides most coTam.<:ii&-3 
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the position it ocoupied in the muffle. If, faowever, it is faii'JX^ 
large precautionB must be taken to prevent spirting'. 

Molten silver dissolves oxygen from tte air and gives it off o^ 
solidifying; the escape of the gas on sudden cooling is violeiit 
and, by throwing off particles of the metal, may cause loss. This 
is called "vegetation" or "spirting." The silver is apparently 
solid when spirting takes place ; the orust breaks suddenly ai"! 
some of the metal is forced out. The evil is best guarded agidiist 
by slow cooling and avoiding draughts. With large buttons of 
silver precautions should never he omitted. One plan is to allow 
the cupels to cool in the muffle itself, the mouth being closed 
with hot charcoal. Another is to cover the cupel with another 
cupel previously heated to redness ; in this case the silver cools 
between two hot cupels, and, of course, cools slowly. A third 
plan is to withdraw the cupe! to the door of the laujfie, holding 
it until it begins to get solid and then immediately to put it 
back into the hotter part of the muffle. 

Silver remains after cupellation in flattened eihptical buttons, 
adhering but only slightly to the cupel. Its upper surface 
should shoiv faint markings as if it were crystalline. The pre- 
sence of platinum renders it still more crystalline, but removes 
the characteristic lustre and renders the metal dull and grey. 
Copper, if not completely removed, has a very marked effect on 
the appearance of the button : the metal is spread out, damping, 
as it were, and firmly adhering to the cupel, which latter in the 
neighbourhood of the metal is almost black with oxide of copper. 
Sometimes the silver button is globular, or even more sharply 
rounded on its under than on its upper surface; it is saidithat 
this is due to the presence of lead. Gold may be present even to 
the extent of 50 per cent, without showing any yellow colour. 

The appearance of the cupel afibrda some useful information. 
The presence of cracks evidently due to shrinkage indicates a 
badly made cupel. If, however, they are accompanied by a 
peculiar unfolding of the cupel, the margin losing its distinot- 
nesB, it is because of the presence of antimony. When lead is- 
the only easily oxidisable metal present, the stained portion of 
cupel is yellow when cold. A greenish tint may be due to small 

rmtities of copper or, perhaps, nickel, cobalt, or platinum, 
rger quantities of copper give a greenish grey or almost black 
colour. A dark green and corroded cupel may be due to iron. 
Etngs of pale-coloured scoria may be due to tin, zinc, antimony, 
or arsenic. When the cupel shows signs of the presence of these 
metals in objectionable quantity, it is well to repeat the assay 
and scorify so as to remove them before cupellation. 

The button should be detached from the cold cupel by seiriog 
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e {Battersea round). Put these in the furnace at a red heat, 

r the crucible, and gradually raifie the temperature until the 

lole charge has melted down and is in a state of tranquil fusion. 

r into a mould, and replace the crucible in the furnace. As 

s the lead is solid, detach the slag and put it back into the 

le ; and when it is again fluid, charge on to it with a copper 

1 mixture of 20 grams of osiile of lead, and 1 gi-am of ciiar- 

: when fusion has again become tranquil, pour and detach the 

an of lead. The lead buttons should be hammered into disci^ 

li rounded edges, and be freed from slag ; if too big for a cupel 

Y may be aconfied together in a small scoiifier, but it ia better 

il them separately. 

containing Metallic Oxides. — Pemsidea of iron, 
mganese, and copper interfere by counteracting the effect of tho 
T flour, and thus reducing the size of the lead button, 
aide of iron will reduce the weight of lead bya little more than 
a weight ; and peroxide of manganese has about twice this 
When these oxides are present ao additional quantity of 
r must he used, and precautions must be taken to prevent re- 
lation of the slag by the furnace gases. This may best be pre- 
1 by using a layer of common salt as a cover to the charge. 
, the ores contain a good deal of quartz or stony matter, the 
s just given (for average ores) wUl do ; but the pi'oportion of 
luid be diminished, and that of the borax, oxide of lead, and 
creased as the quantity of metallic oxides become greater. 
:e contains practically no quartz, the soda may be altogether 
-omitted, and some glass or powdered quartz added. The following 
-charge may be taken ns an example : weigh up 20 grams of tho 
powdered ore, 15 grama each of " soda" and borax, 60 grama of 
oxide of lead, and 5 grams of flour. Mix and place them in an E 
crucible, and cover with a layer of from a quarter to half an inch 
-of common salt. Place in the furnace as before. The salt will 
give off a considerable amoimt of fume, which will, to a certain 
extent, conceal tho state of the charge ; when the crucible has been 
in the furnace for about 25 minutes remove it and pour out the 
contents immediately. With ores that produce a thick slag the 
addition of 5 grams of fluor spar will be an advantage. It may 
happen that with an unknown ore the first aa.=!ay will be more or 
less unsatisfactory : but from it the necessity for adding more or 
less flour will be learnt, and a second assay, with the necessary 
modification of the charge, should give a good result. 

Ores oontainlng much Sulphides. — Ores of this class may 
be easily recognized, either by the appearance of the minerals they 
-contain or by the odour of sulphurous oxide (SO,) which they 
■evolve when roasted on a spatula. The bulphides most commonly 



4 



TEXT-BOOK OF ASSAYTSG. 

pntKot, in additioD to th« sulphurized minerals of eOnr, SiS 
pjrites, galpna, blende, and mispickel. Whea they are praeent in 
cnil; a moderate amount, their effect is simply to increase the 
weight of the button of lead ; and this is easily counteracted i^ 
redociDg the amount of flo^, or by omitting it. W hen in larger 
amonnts, they not only yield large buttons, but also render tia 
metftl solphuty, sometimes even giving a button of r^ulus instead 
of lead. This Last evil may be remedied (i)by putting innrodof 
iron aa soon as the charge h»s fused, or (i) it may be conuteraded 
by a proper addition of nitre, or (3) when the sulphides present 
are only those of iron or copper the snlphur may be removed hj 
calrining, and the ore converted into oue of the class containing 
metallic oxides. The calcination is effected as follows : — Weigh up 
30 grams of the powdered ore and place it in a wide-mouthed 
crucible sufficiently large to perform the subsequent njelting down 
in. The roasting must be done at a gentle heat at first, so as b> 
avnd clotting : the mouth of the crucible should project cotidder- 
ably above the coke, and should slope forward towards the worker. 
The charge must be occasionally stirred with the stirrer (fig, 10} 
BO aa to expose fresh surfaces to the action of the air, and to pre- 
vent adhesion to the sides of the crucible. The stirrer should not 
be removed till the calcinatiou is finished. The temperature 
should be rtiit>ed at the end to a good red heat ; and (to ensure the 
decomposition of any sulpbctte that may be formed) the roasted 
ore should be rubbed up in. a. mortar with a pinch of anthracite, 
and again calcined, It is then mixed with fluxes as described, and 
fused in the name crucible. 

The calcination of an ore is a work occupying a good deal of 

time, and, in mont cases, it is better to take advantage of tlw 

desulphuii/ing power of red lead or nitre. Bed lead by itsdf 

■will do, but a large quantity of it will be required; 1 part of > 

metallic sulphide needs from 20 to 50 porta of red lead to yield * 

button free from sulphur; whereas at most from 2 to a^ pairtsof 

nitra are suflicient. There is sometimes an advantage in having 

a considerable excess of oxide of lead in the slag, but where there is 

no such reason, a parts of red lead to i of ore is enough. A charge 

~'Meh will do for most sulphides is the following : 20 grams of 

40 to 100 grames of red lead, 20 grams of " soda," 5 of boiax, 

sufficient nitre (or perhaps flour) to give a button of about 

rams of lead. How much this must be (if not already fcnoivn} 

be approximately determined by fusing 3 grams of the ore 

5 grams of " soda " in a small crucible (C) with 50 grams of 

ga (not red lead) under a cover of salt, and wcighi^ there- 

|! button of lead. Subtract 3 from the weight of lead obtainedt 

i difference multiplied by 1.3 will give the quantity in 
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the same weight as that obtained with litharge. To get a button* 
of a desired weight, say 22 grams, we must add reducing agent 
sufficient to throw down 22 + 16 or 38 grams of lead, which would' 
require 3.4 grams of flour. If this amount of flour is fused! 
with 80 grams of red lead, a button of lead weighing 22 grams 
will be formed, the other 16 grams being kept up by the oxygen. 
of the red lead. 

If the quantity of red lead differs from 80 grams, this rule must 
be modified. With 40 grams of red lead, for example, we should' 
add an excess of reducing agent sufficient to throw down 8 grams 
of lead instead of 16. Similarly, with 160 grams of red lead, we- 
should add enough to throw down 32 grams. 

The following rule will enable one to calculate the weight of 
flour required to produce a button of lead of any desired weight 
from any given quantity of red lead. Each 5 grams of red lead ■ 
present diminishes the weight of the lead by i gram. If then 
we divide the weight of red lead in a charge hy 5, and add this to • 
the weight of lead required, the sum divided hy 11 will give the 
weiglU qfjlour which must he added. Using 80 grams of red lead 
and wanting a button of 20 grams, we should add ^,^ grams of 
flour. 

80 -f- 5 = 16 ; 16 + 20 =! 36; 36 -f- II = 3.3 nearly. 

The following are some results obtained which will illustrate • 



the rule :- 


— 
















Sed Lead used. 




Floar used. 




Lead got. 




40 grams 


•f 


3 grams 


••• 


25.0 


grams 




100 „ 


••• 


3 


i» 


•>• 


13.S 


}} 




80 „ 


.•* 


4 


>» 


••• 


30-0 


>i 




80 „ 


••• 


5 


i» 


... 


40.0 


}} 



On the Reducing Effect of Metallic Sulphides, and the Counter- 
acting Effect of Nitre. — ^The sulphides found in ores will reduce 
a button of lead from oxide of lead just as flour does ; and, as 
charcoal, flour and tartar difler in their reducing power, so equal 
weights of the different mineral sulphides throw down different 
weights of lead. 

One gram of iron pyrites yields about 1 1 grams of lead. One 
gram of copper pyrites, blende, fahlerz, or mispickel, jdelds 7 or 
8 grams of lead, whilst i gram of antimonite will give 6, and ' 
I gram of galena only a little over 3 grams. It is evident that if 
an ore carries much of these sulphides, the quantity of lead re- 
duced will be very much larger than that required for an assay. 
To counteract this effect nitre is added ; i gra/m is added for each 
4 grama of lead in excess of that required. For example : with a 
20-grain charge of an ore containing 50 per cent, of pyrites, if no > 
nitre were added^ no grams of lead would be got; or, if there - 
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plained by one or two JUiistrationfl. This method of working is 
termed "assaying by checks." 

Suppose we have an alloy of ailver and lead in unknown propor- 
tions and that by cupelling two lots of lo grams each there is got 
from I. o.izz6 gram of silver, and from. II. 0.1229 gram. 'We 
should know from general experience that the actual quantity 
of silver present was from 2 to 4 milligrams more than this. To 
determine more exactly what the los3 is, the following plan is re- 
commended ; — The two silver buttons are wrapped up each in 10 
grams of lead, and cupelled side by side with two other lots of 10 
grams of the original alloy. If now the two buttons Land II. 
weigh 0.1203 and 0.1203, they will have suffered in this second 
cupellfttion an average loss of 2.5 miUigrams. Suppose the two 
fresh lote of alloy gavo 0.1233 "■■"1 0-1235 '>^ silver, the average 
loss on these would also be 2.5 milligrams. Add this loss to each 
result, and take the mean ; which is in this case 0.1259. 

If copper is present in the alloy as well as silver, it is necessary 
to add about the same quantity of copper to the checks as is sup- 
posed, or known, to be present in the assays. If the substance to 
be assayed is an alloy of silver and copper, first cupel 0.5 gram of 
it, with, say, 10 grams of lead, and weigh the resulting button of 
silver, in order to get an approximate knowledge of it^ composi- 
tion. Suppose the button weighs 0.3935 g''ani. We know that 
this is below the truth : for the sake of round numbers take it as 
0.4, and assume that the rest of the alloy (0.1 gram) was copper. 
Two check pieces are then weighed out, each containing 0.4 gram 
silver and o.i gram of copper wrapped in 5 grams of lead. Of 
course the silver must be pure. And there is also weighed out two 
(or better, four) assay pieces each containing half a gram of the 
alloy wrapped in 5 grams of lead. The whole lot are then 
cupelled as nearly as possible under the same conditions. "With 
four assay pieces, the cupels should be placed close together in two 
rows of three across the muffle ; the two check pieces are put in 
the middle cupels. Suppose the buttons of silver got weighed ajt 
foUows:— 



I 



Check pieces 


I, 0.3940 


IL 0-394S 


Assay pieces 


I. 0.3905 


II. 0.391a 




III. 0.3910 


IV. 0.3909 



The average loss on the two cheek pieces is 5.7 milligrams, and 
the average result of the four assay pieces is 0.3909. Add the 
ftvemge loss to the average result, and there is got the corrected 
result, 0.3966. And if 0.5 gram of alloy contain 0.3966 of silver, 
1000 will contain 793,2 of silver, and thisis the degree of fineness. 
^ egrreoti^^o^^e loss in capeUation is always made in Hub 
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the same wesight as tliat obtained with litharge. To get a button- 
of a desired weight, say 22 grams, we must add reducing agent 
sufficient to throw down 22 + 16 or 38 grams of lead, which would' 
require 3.4 grams of flour. If this amount of flour is fused: 
with 80 grams of red lead, a button of lead weighing 22 grams 
will be formed, the other 16 grams being kept up by the o^gen. 
of the red lead. 

If the quantity of red lead differs from 80 grams, this rule must 
be modified. With 40 grams of red lead, for example, we should 
add an excess of reduciDg agent sufficient to throw down 8 grams 
of lead instead of 16. Similarly, with 160 grams of red lead, we- 
should add ^lough to throw down 32 grams. 

The following rule will enable one to calculate the weight of 
flour required to produce a button of lead of any desired weight 
from any given quantity of red lead. Each 5 grams of red lead 
present diminishes the weight of the lead by i gram. If then 
we divide the weight of red lead in a charge by 5, and add this to 
the weight of lead required, the sum divided by 11 wiU give the 
weight ofJUmr which must be added. Using 80 grams of red lead 
and wanting a button of 20 grams, we should add ^^^ grams of 
flour. 

80 -?• 5 = 16 ; 16 + 20 = 36; 36 -f- II = 3.3 nearly. 

The following are some results obtained which will illustrate - 
the rule: — 

Bed Lad med. Floor used. Lead got. 

40 grams ., • 3 grams ••• 25.0 grams 

100 „ ••• 3 »> ••• ^3*5 n 

oO „ ... 4 „ ••• 30,0 „ 

80 „ ••• 5 „ ... 40.0 „ 

On the Reducing Effedt of Metallic Stdjphides, and the Counter- 
acting Effect of Nitre, — ^The sulphides found in ores will reduce 
a button of lead from oxide of lead just as flour does ; and, as 
charcoal, flour and tartar differ in their reducing power, so equal 
weights of the different mineral sulphides throw down different 
weights of lead. 

One gram of iron pyrites yields about 1 1 grams of lead. One 
gram of copper pyrites, blende, fahlerz, or mispickel, yields 7 or 
8 grams of lead, whilst i gram of antimonite will give 6, and 
I gram of galena only a little over 3 grams. It is evident that if 
an ore carries much of these sulphides, the quantity of lead re- 
duced will be very much larger than that required for an assay. 
To counteract this effect nitre is added ; i gram is added for eacl^ 
4 grams of lead in excess of that required. For example : with a 
20-gram charge of an ore containing 50 per cent, of pyrites, if no 
nitre were added, no grams of lead would be got ; or, if there - 
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thtin that found on a cupel and is more easily collected and 
cleaned ; that larger quantities of metal can be treated, and thatr 
even if the substance is in part infusible, or produces at the start 
a oUnkery mass or scoria, the oxide of lead gradually accumu- 
latee, fluxes the solid matters, and produces a good final result; 
but ii the oxide of lead by itself is not sufficient for the purpose, 
borax or some other flux can be easily added. 

If the button of silver got is very small its weight may be- 
estimated from its size; but it must be remembered that the- 
weight varies as the cube of the diameter. If one button has 
twice the diameter of another it is eight times as heavy and aoi 
on. Scales apecialJy constructed for measuring silver and gold, 
buttons may be purchased ; but it is much better to make the 
measurement with the help of a microscope provided with an eye- 
piece micrometer. 

If the length of the long diameter of a silver button be taken' 
the following table will give the corresponding weight in toilli- 
graras; — 



m^m«Ur. 


Weight. 


mooter. 


Weight. 


0.04 inch 


3-6 


oorsinch 




0.035 .. 








CIS 


D.D3 .. 


I'S 




013 .. 




0.025 „ 


0.9 






0-097 




0.4S 






0.07S 




0.4 






0.056 


0.018 „ 








O.02S 


0.017 .. 


0.27 








0,016 „ 


0.23 


D.004 „ 


0.004 



The weight of b. corresponding button of gold is got by multi- 

? lying by 2.25. These figures are based on those given by 
'iattner, and apply only to buttons of such shape as those left, 
after oupellation. A sphere of sUvero.oi inch in diameter wouldi 
weigh 0.09 railligi'am, and a similar sphere of gold weighs 0.167 
milligram. 

It is safer, however, to compare with a micrometer the diameter 
of the button whose weight has to be determined with that of a 
standard button of nearly equal size whose weight is known. 
The weights of the two buttons are proportional to the cubes of 
their diaifieters. This plan of working is described more fully 
in, Appendix B., page 396. 

oiloulation of the Eesulta. — After deducting for tha- 
gilver added, and correcting for the capellation loss, the ca.loula- 
lioa ia made in the usual way; reporting as so many parts per 
thousand in the isi&n of rich alloys and as so many ounces ( 
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button of lead may be effected eitlier by seorification or by fn^oD' 
in a crucible. 

The Bcorification assay is performed in a scorifier, wliioli is a 
sliaUow open-moutbed dish about a^ inches across, with a very 
thick bottom to enable it to withstand the cotTOBtve action of the 
slog. A charge of more than 3 or 5 grams of the ore cannot bo 
worked in one, and ^vith such small charges the unavoidable 
variations have a serious effect on the figures reported. Adifier- 
ence of one milligram on the weight of the buttoa of silver gob 
represents a difference of 6 or 10 ounces per ton. With rich 
ores such variation is unavoidable under any conditions, and the 
only safe plan is to take the mean of several assays. But with 
poorer ores the accuracy of the assay, as well as convenience in 
working, is much increased by working in a crucible with larger 
charges. 

In seorification the proportion of lead required for scorifying 
I gram of ore is in average cases from 10 to 15 granls, sinking in 
the case of galena to 3 grama, and rising with earthy and refrac- 
tory substances to from 30 to 40 grama. But by fusing in a 
crucible with well-selected fluxes, a proportion of 4 of flux to 
I of ore is generally sufficient ; and not only is the proportion of 
added matter less, but it is also easier to manipulate large qusn^ 
titles in crucibles, so that, although in some cases the crucibld 
assay is more troublesome and less satisfactory, yet with poor 
and earthy ores it is the best method of dealing with them ; while 
when properly worked it yields results as accurate as seorification 
does. As a general rule, if more than 5 grams of ore must bo 
taken, the crucible assay should be adopted. 

Scorifloation Assay. — The charge of ore is usually 3 grams, 
sometimes 5 ; the lead varies from 30 to 70 grams, and the quan- 
tify of soda, borax, or powdered glass added varies from 0.3 to 3 
or 4 grams. It is generally recommended to have the lead granu- 
lated,* and to mix the ore with about half of it in the scorifier; 
then to put on the rest of the lead ; and 
finally to sprinkle the borax or glass oa 
the top. It answers just as well, how- 
ever, to use the lead in the shape of 
foil, and wrap the ore up in it ; and if 
the ore contains much sulphur, the 
Fia, 38. borax may with ad%^ntage be added 

(wrapped in a little tissue paper) Eom» 
ten minutes after the operation has started. 
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The proceaa of Bcorification is as follows : — A soorifler (fig. 38)' 
of convenient size having been, selected (one 2^ inches across i»- 
mofib generally 
useful), it ia 
dried at a gentle 
heat for about Fio. 39. 

ten minutes. 

The charge is then put into it, and it is introduced, with the' 
help of a Bcorifier tongs (fig. 39), into a muffle heated consider- 
ably ahove redness. The muffle is then closed, and when the 
meta! has melted down, it is opened, but the temperature is kept 
up. A ring of slag will, after a time, form around the metal, 
ind when this appearance (known as the eye) presents itself, the 



i has disappeared 



10^ 



E 



P^ 



temperature may be lowered. "Whi 
— that is, when the layer of slag 
has quite closed in — a pinch of 
powdered culm wrapped in tissue 
paper is added. As soon as the 
slag has again become tranquil, the 
scorifier is taken out, and its con- 
tents are poured into a mould (fig. 
40), the slag ia detached, and 
saved. If the button of metal weighs more than 30 grams, 
its size is reduced by another scorification in the same scorifier, 
which should have been replaced in the muffle immediately after 
the contents had been poured out. If the ore is not a very rich 
one, the button of lead will carry practically all the silver ; but 
with rich ores it is more satisfactory to save the slag, and subse- 
quently to melt it down with the cupel on which the lead has 
been treated, so as to recover the silver lost in the slag, together 
with that absorbed in the cupel, at one operation. Or, if the 
cupellation loss is neglected or calculated in some other manner, 
the slag or slags from the scorifier may be powdered and mixed 
with 30 grams of oxide of lead, 5 grams of borax, and 1 grajn of 
charcoal. This should be melted down in a small crucible, and 
the resulting button of lead cupelled. 

If the scorification has been unsatisfactory, the quantity of silver 
obtained from the slag will be by no means inconsiderable. The 
usual explanation is that with sulphury ores compounds of metal- 
lic oxidea and sulphides (oxysulphides) are formed, which remain 
in the slag, retaining considerable quantities of the precious metal. 
It is said that under certain conditions such a slag may contain 
as much as 10 per cent, of silver. An excess of lead and a high 
temperature prevents the formation of these oxysulphides. But 
if much silver ia present in the ore, the slag cannot he safely 
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,:. evpi) if sulplnn- is slieestt, and tiw process has been 
satisfartorily performed. 

If the crust whkii appous on the surface of the lefld does not 
dear, add a small lump d borax and 30 grams moro lead ; then 
close the muffle, and koep tte tcapciatore as high as possible. 
If the shtg tortas fmpaiy, bat dows nsfu.<ied or only half-fused 
lumps, e\~en when the srorificatMn has pn>ceeded for some time, 
add more borax, and stir witli au iron rod. The slag adheriug to 
the rod must be detached by hammerin;;, and replaced in the 
sciorifier. 

If tlte ore consists lar^lv of quarts, soda should be added 
jistead of borax ; or, if it c iitains much ct^per, powdered quartz 
may be used. If the sixriart- at the end of an operation is more 
than usually eerreded, the tMirLX j%hould be replaced in Eubsequeot 
assays on simitar ores by pondered frlass or quarta. 

If a fnirly ^nid slaj; i$ fanned nfaidi does not clear from the 
metal ajid shov the ey«, more lend aud a higher temperature is 
wanted. 

As a general rule, it may be stated that when a scorifioation is un- 
satisfactory, what is «;uitad^mar«heat,ni«avlead,or more borax. 

It is a safe plan whan wort: has to he done on a strange ore. to 
moke three or fourassaj's witli TaiAin^ t^uanUties of lead. The 
proportiou of lead ts right wbeo a fartiMc addiliou does not yield 
a higher result. The proper proportkn haTiiig been found, a 
note of it should bs made for fUlore asa, 

POT .^ISATS. 

The object of the fusion in a crucible, like that of scorifica- 
tion, is to concentrate tl>e silrvr in a btittiin of lead which 
is to be subsequently MipetW; and to retain the earthy and 
waste matters in the slag. It is necessary to consider the quality 
of the slag and tbe tcvight and quality of the ketd. The slag when 
fn^ed should be liquid and horau^ueous, and not too corrosive on 
the cmcifale. The button of kaol should be soft, malleAlde, and 
free tima a eoatii^ of ngulus.* In Teaght it should not difl^ 
much from tbe ore taken. With to grams of an, for example,* 
bnttcm of lead weighing frrnn iS to 35 grams will be satisfacttny: 
less than this would leare an uadae prvipoKiou of »lver in, lb 
dig ; and ntars w«ald be unnecessanly lar^ for cupeUii^ tali 
wcrbU ina«ase the loss in that c^temtioa. 

Wdk avet^e ores, take 30 gnuua of the pownWed ore and mix 
wi& 30 giaiits of ** soda," 40 grams of ied<lead or lithar^, 5 gramB 
of btnx, and traai 2 to a.5 gmms of Aotir, and place In an E era- 

a A Rid of iiOB placed in the cmcible with Ibe afsa;^ will demnpoN 
ttet amy be fonaad. 




I put into it, and it is introduced, with the- 
help of a Ecorifier tongs (fig. 39), into a muffle heated cnnsider- 
ahly above redness. The muffle is then closed, and when the 
metal has melted down, it is opened, but the tempemturo is kept 
up. A ring of slag will, after a time, form around the metal, 
and when this appearance (known as the eye) presents itself, the 
temperature may be lowered. When the eye has disappeared 
— that is, when the layer of slag 
has quite closed in — a pinch of I^S /^ 



powdered culm wrapped in tissue 
paper is added. As soon as the 
slag has again become tranquil, the 
scorifier ia taken out, and its con- 
tents are poured into a mould (fig. ,, 
40 J, the slag is detached, and ' ^ 
saved. If the button of metal weighs more than 30 gramSr 
its size is reduced by another scorification in the same scorifier, 
which should have been replaced in the muffle immediately after 
the contents had been poured out. If the ore is not a vei-y rich 
one, the bntton of lead will carry practically all the silver ; but 
with rich ores it is more satisfactory to save the slag, and subse- 
quently to melt it down with the cupel on which the lead has 
been treated, so as to recover the silver lost in the slag, together 
with that absorbed in the cupel, at one operation. Or, if the 
cupellation loss is neglected or calculated in some other manner, 
the slag or slags from the seoiifier may be powdered and mised 
with 20 grams of oxide of lead, 5 grams of borax, and i gram of 

ireoal. This should be melted down in a small crucible, ami 
resulting button of lead cupelled. 

If the Bcorification has been unsatisfactory, the quantity of silver 
obtained from the slag will be by no means inconsiderable. The 
usual explanation ia that with sulphury ores compounds of metal- 
lic oxides and sulphides (oxy sulphides) are formed, which remain 
in the slag, retaining considerable quantitiesof the precious metal. 
It ia said that under certain conditions such a slag may contain 
as much aa 10 per cent, of silver, An excess of lead and a high 
temperature prevents the formation of these oxysulphides. But 
if much silver ia present in the ore, the slag cannot be safely 
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present, in addition to the sulphurized minerals of silver, 
pyrites, gtilpnii, blende, and mispickel. When they are present in 
only a. modei-ate amount, tbeir eSect is simply to increase the 
weight of the button of lead ; and this is easily counteracted by 
reducing the nmount of &o|it, or by omitting it. When in larger 
amounts, they not only yield targe buttons, but also render the 
metal sulphury, sometimes even giving a button of regulus instead 
of lead. This last evil may be remedied (i) by putting in a rod of 
iron as soon as the charge boa fused, or (a) it may be counteracted 
by a proper addition of nitre, or {3) when the sulphides pr^ent 
are only those of iron or copper the sulphur may be removed by 
calcining, and the ore converted into one of the class containing 
metallic oxides. The calcination is effected as follows :■ — Weigh up 
ao grams of the powdered ore and place it in a wide-mouthed 
crucible sufficiently large to perform the subsequent Bjelting down 
in. The roasting must be done at a gentle heat at first, so as to 
avoid clotting : the mouth of the crucible should project consider- 
ably above the coke, and should slope forward towards the worker. 
The charge must be occasionally stirred with the stirrer (fig. 10) 
80 as to expose fresh surfaces to the action of the air, and to pre- 
vent adhesion to the sides of the crucible. The stirrer should not 
be removed till the calcinatiou is finished. The temperature 
should be raised at the end to a good red heat ; and (to ensure the 
decomposition of any sulphate that may be formed) the roasted 
ore should be rubbed up in a mortar with a pinch of anthracite, 
and ag^n calcined. It is then mixed with fluxes as described, aad 
fused in the same crucible. 

The calcination of an ore is a work occupying a good de^ of 
time, and, in most cases, it is better to take advontoge of the 
desulphurizing power of red load or nitre. Red lead by itself 
will do, but a large quantity of it will be requii-ed ; 1 part of a 
metallic sulphide needs from 20 to 50 parts of red lead to yield a 
button free from sulphur; whereas at most from 3 to a J parts of 
nitre are sufficient. There is sometimes an advantage in having 
a considerable excess of oxide of lead in the slag, but where there is 
no such reason, 2 parts of red lead to i of ore is enough. A charge 
which will do for most sulphides is the following : zo grams of 
ore, 40 to 100 gramea of red lead, 30 grama of " soda," 5 of boraXj 
and sufficient nitre (or perhaps flour) to give a button of about 
a$ grams of lead. How much this must be (if not already known) 
may be approximately determined by fusing 3 grams of the ore 
and 3 grams of " soda " in a small crucible (C) with 50 grams of 
litharge (not red lead) under a cover of salt, and weighing there- 
suiting button of lead. Subtract 3 from the weight of lend obtained, 
and the difference multiplied by 1.3 will give the quantity ia 



gvaniH of nitre required. If the button of lead weighs leas than 

3 grams flour must be added. If this is Got Kiitisfactory repeat 
tbe assay, adding an extra gram of nitre for each 4 grams of Jead 
in excess of that required, or i gram of flour for a la-grara 
deficiency. 

In the method in which iron is used as a de-sulpburising agent, 
only as much oxide of lead should be added as will give a button 
of lead of the required size. Rather a large button of lead should 
be got, and the slag should be strongly alkaline ; if the ore does 
not already carry a large amount of sulphur some should be added. 
Tbe fusion should be performed at a low temperature {similar to 
that for a, galena assay), and should be continued for some 
time after it has become tranquil. Take 20 gi'ams of the ore, 
40 grams of "aoda," 40 grams of oxide of lead, and 5 or 10 
grams of horax; place this mixture in a crucible (with a rod of 
iron, as in the galena assay), cover, and fuse for about half an 
hour. Take out the rod, washing it in tbe slug, and, in a minute 
or two, pour. Clean and cupel the button of lead. 

General BemarkB on the Fusion. — Other things being equal, 
tbe smaller the quantity of the slag the better, provided there is 
sufficient to cover the metal. The presence of peroxides of the 
beavy metals is prejudicial, since they tend to increase the quantity 
of silver retained in tbe slag. It may be given as a general rule 
that when iron, copper, manganese, &c., are present, there is a more 
than ordinary need for cleaning the slags, and core must be taken 
to keep these metals in the state of lower oxide. 

In selecting the fluxes, it should be remembered that soda is 
the best for quartz, and borax for lime and metailie oxides. And 
that with oivsa almost free from ganguo some quartz or glass 
should be added to protect the crucible. Two parts of soda are 
enough to flux i part of quartz ; whilst of borax, or oxide of lead, 

4 parts are barely sufficient. Oxide of lead has the advantage of 
bfflng heavy and so does not occupy much space in the crucible ; 
on the other hand, if the melting down be performed too quickly, 
or if oxide of lead only is used, this high specific gravity is a dis- 
advantage, for the lighter earthy matter floats as a pasty mass on 
the more fluid oxide of lead, and thus escapes its action. 

When metalKc sulphides are present in the ore, an excess of 
oxide of lead helps to keep the sulphur out of the button of metal. 
In addition to the oxide of lead required as a iius, some will be 
required to provide the lead in which the sUver is to be collected. 
Oxide of lead, mixed with charcoal or flouj', yields, when heated, 
a multitude of minute buttons of metal uniformly distributed 
tluough the mass of the chai-ge ; as the diarge melts down these 
run together and foU to the bottom ; this shower of lead collects 
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present, Id addition to the snlpfauriEed minerals of eilver, ■■ 
pyrites, gaJpna, blende, and mispickel. When they are present in 
only a moderate amount, their effect is simply to increase the 
weight of the button of lead; and this is easily counteracted by 
reducing the amount of flour, or by omitting it. When in larger 
amounts, they not only jield large buttons, but also render the 
metal sulphury, sometimes even giving a button of regulus instead 
of lead. This last evil may be remedied (i) by putting in a rod of 
iron as soon as the chat^ bos fused, or (a) it may be counteracted 
by a proper addition of nitre, or (3) when the sulphides present 
are only those of iron or copper the sulphur may be removed by 
calcining, and the ore converted into one of the class containing 
metallic oxides. The calcination is effected as follows : — Weigh up 
20 grams of the powdered ore and place it in a wide-mouthed 
crucible sufficiently large to perform the subsequent njelting down 
in. The roasting must be done at a gentle heat at first, so as to 
avoid clotting t the mouth of the crucible should project consider- 
iibly above the coke, and should slope forward towards the worker. 
The charge must be occasionally stirred with the stirrer (fig, 10) 
so as to expose fresh surfaces to the action of the air, and to pre- 
vent adhesion to the sides of the crucible. The stirrer should not 
be removed till the calcination is finished. The temperature 
should be raised at the end to a good red heat ; and (to ensure the 
decomposition of any sulphate that may be formed) the roasted 
ore should Vie rabbed up in a mortar with a pinch of anthracite, 
and again calcined. It is then mixed with fluxes as described, and 
fused in the same crucible. 

The calcination of an ore is a work occupying a good deal of 
time, and, in most cases, it b better to take advantage of the 
desulphurizing power of red lead or nitre. Red lead by itself 
will do, but a targe quantity of it will be requii-ed ; i part of a 
metallic sulphide needs from 20 to 50 ports of red lead to yield a 
button free from sulphur; whereas at most from a to 3^ parts of 
H nitre are sufficient. There is sometimes an advantage in having 

^L a considerable excess of oxide of lead in the slag, but where there is 

^M no such reason, 2 parts of red lead to i of ore is enough. A charge 

^m which will do for most sulphides is the following : so grams of 

^B ore, 40 to 100 grames of red lead, 20 grams of " socla," 5 of borax, 

^B and sufficient nitre {or perhaps flour) to give a, button of about 

^H 25 grams of lead. How much thismust he (if not already known) 

^^1 may be approximately determined by fusing 3 grams of the ore 

^^k ond 3 grams of " soda " in a small crucible (C) with 50 grams of 

^^^ litharge (not red lead) imder a cover of salt, and weighing there- 

^^H suiting button of lead. Subtract 3 from the weight of lead obtained, 

^^B a,nd the difierence multiplied by 1.3 will give the quantity in I 
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Pyrites . 


• 


• 


5 


5 


5 


5 


2.5 


5 


Quartz. . 


• 


• 


— 


20 


— 


20 


17.5 


15 


Nitre . 


• 


• 




— 


5 


5 




4 


Lead got 


• 


■ 


42.5 


36.0 


16.0 


19.0 


11.5 


22.5 


Copper Pyrites 


• 


8 


8 


8 


8 






Quartz . 


• 


• 


— 


12 


— 


12 






Nitre . 


• 


• 


— 




4 


4 






Lead got 


• 


• 


47.5 


34.0 


33-0 


26.0 






Antimonite 


• 


• 


8 


8 


8 


8 






Quartz . 


• 


• 


— 


12 


— 


12 






Nitre . 


• 


• 






4 


4 






Lead got 


• 


• 


29.0 


26.0 


130 


130 






Oalena 


• 


• 


10 


10 


10 


10 


15 


20 


Quartz . 


• 


• 


— 


15 


— 


15 


5 


— 


Nitre . 


• 


• 


— 




3 


3 


3.5 


7 


Lead got 


• 


■ 


17.0 


19.0 


8.0 


8.0 


18.5 


18.5 



10 15 20 

10 5 

16 28.5 41 



A similar set of experiments, with 80 grams of litharg( 
80 grams of red lead, gave : — 



;e instead 



Pyrites . 
Quartz . 
Nitre . 
Lead got 


• 
• 
• 
• 


. 4 
. 45.5 


4 
15 

40.5 


4 

5 
25.5 


4 
15 

5 
245 


7 
13 
12.5 
27.0 


10 
10 
20 
26.5 


Copper Pyrites 
Quartz . 
Nitre . 
Lead got • 


• 5 

* 44-5 


5 
15 

32.5 


5 

5 
230 


5 

15 

5 
25.0 






Blende . 
Quartz. 
Nitre . 
Lead got 


• 
• 
• 
• 


. 5 
. 41.5 


5 
15 

38.5 


5 

5 
21.5 


5 

15 

5 
22.5 


10 
10 

21.6 




Antimonite 
Quartz, 
l^itre . 
Xeadgot 


• 
• 
• 
• 


. 5 
. 3i'0 


5 
15 

32.5 


5 

5 
11.5 


5 
15 

5 
12.5 


10 
10 
10 
18.7 




Oalena 

Quartz . 
^itre . 
Xead got 


• 
• 
• 
• 


• 10 

• ^* 

• 335 


10 
15 

33-5 


10 

5 
13-0 


10 

15 

5 
14.0 


15 

5 

7.5 
19.5 


20 

II 
22.7 



of Ab dir mfcvd ^Kk br a» witftAMai rf tb oak rf ^ 
vfckk MdA tePV bft Ik fait. B;BtnaMr,ik vfcv^lta 

P» rtr JtmJKJfXJm^ ^ H ■■■ if, JW, — i Tw^r.— jjia 
«ct^ to b« got bank ft p 
atBt otnlft ^ Ind M fBMnt) > 




"Ae nv of floor as B mlii iii(^ iLfiirt h«n minj ■ifiiiit^iii, iiiil 
it » wdl to lOMnlier that i ^nn* tf/ton^ rmimef m6amt 1 1 jr— u 
^ lead; sad tbtt dmetal bss twiea^ ud Urtu oae-haU, tlds 
iBAMing eOect. 

Oita)eSedueimggfieiifCkanaal,^im£edLamd. — ItiscAn 
caner to obtam led lead ct good qoalttT- than it is lithaige, aad 
hf a la^e mnnber of ateayos red lend is the focm of oodda of 
lead ahra^ tued. Bed lead, howerer, contains an exeees of 
oaygan which wQl ose np aome of th« reducing agent b^ova lead 
Mpuotea ovb On TP^Ung a series of experiments (similar to Uie 
kst, bat osing So grams of led lead instead of the litiuir»e) the 
Kralta were, with the eame qnantities of the reductng ageats : — 
With charcoal, iS grants of lead. 



Co mparin g these with the results with lithai^e, in the previons 
table it win be seen that the same quantity of reducing agent has 
ia each ctwe bronght down i6 gntms less of lead, so that a latter 
amonnt of the rcluring agent most be added to get a button of 
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the same weight as that obtained with litharge. To get a button* 
of a desired weight, say 22 grams, we must add reducing agent 
sufficient to throw down 22 + 16 or 38 grams of lead, which would' 
require 3.4 grams of flour. If this amount of flour is fused: 
with 80 grams of red lead, a button of lead weighing 22 grams 
will be formed, the other 16 grams being kept up by the oxygen, 
of the red lead. 

If the quantity of red lead differs from 80 grams, this rule must 
be modifled. With 40 grams of red lead, for example, we should' 
add an excess of reducing agent sufficient to throw down 8 grams 
of lead instead of 16. Similarly, with 160 grams of red lead, we 
should add enough to throw down 32 grams. 

The following rule will enable one to calculate the weight of 
flour required to produce a button of lead of any desired weight 
from any given quantity of red lead. Each 5 grams of red lead = 
present diminishes the weight of the lead by i gram. If then 
we divide the weight of red lead in a charge hy 5, and add this to • 
Uie weight of lead required, the sum divided hy 11 will give the 
weight offiour which must he added. Using 80 grams of red lead 
and wanting a button of 20 grams, we should add "r^,^ grams of 
flour. 

80 -s- 5 = 16; 16 + 20 =: 36; 36 -f- II = 3.3 nearly. 

The following are some results obtained which will illustrate • 
the rule : — 



[led Lead used. 




Flour used. 




Lead got. 


40 grams 


•»• 


3 grams 


••• 


25.0 grams 


100 „ 


••• 


3 M 


•.. 


13.5 » 


80 „ 


••• 


4 M 


••• 


30-0 » 


80 „ 


••• 


5 » 


■ .. 


40.0 „ 



On the Reducing Effect of Metallic Sulphides, and the Counter^ 
acting Effect of Niire. — The sulphides found in ores will reduce 
a button of lead from oxide of lead just as flour does ; and, as 
charcoal, flour and tartar difler in their reducing power, so equal 
weights of the different mineral sulphides throw down different 
weights of lead. 

One gram of iron pyrites yields about 1 1 grams of lead. One 
gram of copper pyrites, blende, fahlerz, or mispickel, yields 7 or 
8 grains of lead, whilst i gram of antimonite will give 6, and 
I gram of galena only a little over 3 grams. It is evident that if 
an ore carries much of these sulphides, the quantity of lead re- 
duced will be very much larger than that required for an assay. 
To counteract this effect nitre is added ; i gramfi is added for each 
4 gramhB of lead in excess of that required. For example : with a 
20-gram charge of an ore containing 50 per cent, of pyrites, if no - 
nitre were added, no grams of lead would be got; or, if there - 
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was not sufficient oxide of lead to yield this quantity of metal, the 
button, would be sulphury. To reduce the weight of the button 
by So grammes, we should add 20 grama of nitre, if litharge wera 
used; or if red lead were used, we should add 16 grama of nitre, 
since the oundizifig effect 0/ 20 graras of red lead u egtiivalenl tot/tat 
of I of nitre, and since 80 grams of red lead are generally used in a 
charge. Two assays of an ore of tbis kind with these quantities 
■of nitre gave 26.0 grains of lead with litharge, and 22.5 gmma 
with red lead. 

It is best to use in these assays 80 grams of red lead, 20 of soda, 
and s of boras, with 20 grama of the ore. If the lead got by tiie 
preliminary fusion in a small crucible with litharge (described 
under '^ ores containing •much stdpltidea") is known, the following 
table will indicate the quantity of nitre, or dour, to be added with 
this charge : — 



I 





Fionr to be lidded 


^"Z'^.'t^^ 


i 


ogram 
grama 


3-3 grams 
1.3 gram 


none 
4.0 grams 




" 


~ 


14.0 „ 
19.0 „ 




" 


- 


24.0 „ 
29.0 „ 



If litharge is used in the assay instead of red lead 4 grams mora 
nitre, or 1.5 gram less flour must be used. When more than a 
few grams of nitre are added to a charge the proportion of "soda" 
and borax sliould be increased, because one of the products of tba 
reaction of nitre upon sulphides in the presence of soda is sulphate 
of soda, and because the " soda " thus used up no longer serves as 
a fins ; more borax should be added, as it is the best flux for the 
metallic oxides which are formed in the process. If in an assay 
too large a button of lead is got, even after this calculation h^ 
been made, and the assay is repeated, add 1 gram more nitre for 
each 4 grams of lead in excess. Sometimes the assay appears 
tranquil before the nitre has produced its full effect; in euofi cases 
it is well to aeiiie the crucible with the tongs and ttiit its fused con- 
tents by rotating them; if thiacauses an effervescence, the cmoible 
should be replaced in the fire and the fusion continued. Thefol- 
lowing experiments will illustrate the extent to which the above 
rules may be relied on. In all of them the standard flux was 
used, viz. : — 80 grams of red lead, 20 of soda, and 5 of borax. 
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Pyrites . 
Quartz. . 
Nitre . 
Lead got 



5 5 5 5 2.5 5 lo 15 20 

— 20 — 20 17.5 15 10 5 

— — 5 5 — 4 16 28.5 41 

42.5 36.0 16.0 19.0 11.5 22.5 22.5 26.5 27.5 



Copper Pyrites 
Quartz . • 
Nitre . • 
Lead got • 



8 8 8 8 

— 12 — 12 

— —44 
47.5 34-0 33-0 26.0 



Antimonite 
Quartz . 
Nitre . 
Lead got 



8 8 8 8 

— 12 — 12 

— —44 
29.0 26.0 13-0 13.0 



OoHena 
Quartz. 
Nitre . 
Lead got 



10 10 10 10 15 20 

— 15 — IS 5 — 

— —333-57 
17.0 19.0 8.0 8.0 18.5 18.5 



A similar set of experiments, with 80 grams of litharge instead 
of 80 grams of red lead, gave : — 



Pyrites . 

Quartz . • 

Nitre . • 

Lead got • 

Copper Pyrites 

Quartz . • 

Nitre . • 

Lead got • 



Blende. 
Quartz. 
Nitre . 
Lead got 






Antimonite • 

Quartz . • 

Nitre . • 
Lead got 

Galena • 

Quartz . • 
Nitre . 

Lead got • 



4 4 4 4 7 10 

— 15 — 15 13 10 

— — 5 5 12.5 20 
46.5 40.5 25.5 24.5 27.0 26.5 

5 5 5 5 

— 15 — 15 

— —55 
44-5 32.5 230 25.0 

5 5 5 5 10 

— 15 — 15 10 

— — 5 5 15 
41.5 38.5 21.5 22.5 21.6 



5 5 5 5 10 

— 15 — 15 10 

— — 5 5 10 
31.0 32.5 II. 5 12.5 18.7 



10 10 10 10 15 20 

— 15 — 15 5 — 

— —55 7.5 II 
33-5 33-5 130 14.0 19.5 22.7 
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tion also ceases to clear after shaking, BO that it becomes impoa- 
sble to determine the finishing' point. 

If the assay contains lesa than one gram of silver the first 
addition of the dilute suit solution of course produces no precipi- 
tate. Five milligrams of silver in solution (5 c.c.) is then added, 
and the assay proceeded with in the usual way; 5 milligrams of 
silver being deducted from the amount found. 

There is required for the assay a standard solution of sodium 
chloride, which is prepared by dissolving 5.4162 grams of the salt 
(made by neutralizing carbonate of soda with hydrochloric acid) 
in water and diluting to one litre. 100 c.c, of this is equivalent 
to 1 gram of silver. 

The weaker solution of salt is made by diluting 100 c.c. of the 
stronger one to one litre. One c.c. of this will equal 1 milligraiD 
of silver, or o.i c.c. of the stronger solution. 

A ttaaidard solution of silver equivalent to the dilute salt; 
solution IB made by dissolving i gram of fine silver in 10 c.c. of 
dilute nitric acid, and diluting with water to one litre. 

The solution of salt is standardised as follows : — Weigh up 
1.003 g*^™ of fijis silver and dissolve in 25 0.0. of dilute nitric 
acid in a bottle provided with a well-fitting flat- 
headed stopper. Heat on the water bath to assist 
solution, resting the bottle in an inclined position. 
When dissolved blow out the nitrous fumes with the 
help of a glass tube bent at right angles. Run in 
from a stoppered pipette (as shown in fig. 44) 100 c.c. 
of the standard salt solution, and shake vigorously 
until the solution clears. KU an ordinary burette 
with the weaker standard salt solution, and run i c.c. 
into the assay bottle, letting it run down the side so 
that it forms a layer resting on the assay solution. 
If any silver remains in solution a cloudy layer will 
be formed at the junction where the two liquids 
meet. This is best observed against a black back- 
Fra. 44. ground. If a cloudiness is seen, shake, to clear the 
liquid, and run in another c.c. of salt, and continue 
this until a cloudiness is no longer visible. Deduct 1.5 c.c. from 
the amount of the weaker sodium chloride solution run in. 
Divide the corrected reading by 10, and add to the 100 c.c. 
This will give the volume of strong salt solution equivalent to 
the silver taken. 

If the first addition of the weaker salt solution causes no 
cloudiness add 5 c.c. of the silver solution from an ordinary 
pipette, shake, and then run in the weaker salt solution, working 
OS before. 'Xiiese 5 milligrams of silver added must be allowed 



tons are arranged in a corresponding order on some suitable tray 

(cupel tray, fig. 41) ; the heat of the muffle being at bright redness. 

Then with the help of the tonga (fig. 42) 

the assay buttons should be placed each 

in its proper cupel ; a note havirig been 

firoviously made of the position it is to 

■occupy, and the door of the mufBe closed. Fia, 41. 

This part of the work should be done 
promptly, so as not to unduly cool the muffle : the start requires 
a fairly high temperature, and is a. ciitical part of the process. A. 

black crust 

forma at once ■^ .- — . - ~ ii--^f „p 



the 



r:s. 42. 



lead ; but this ought soon to fuse and flow in greasy drops from 
off the face of the metal, so as to leave the latter fluid with a 
well-defined outline, and much brighter than the cupel. If this 
clearing does not take place, the buttons are said to be frozen ; iu 
■which case the temperature must be raised, some pieces of char- 
coal put in the muffle, and the door closed. If they still do not 
clear, the heat must have been much too low, and it is best to 
reject them and repeat the assays. 

When the buttons have cleared it ia well to check the draught 
of the furnace, and to partly open the door of the muffle, 
eo as to work at as low a temperature as is compatible with 
the continuation of the process,* Too low a temperature ia indi- 
cated by the freezing of the buttons and the consequent spoiling 
of the assays. Esperience soon enables one to judge when the 
heat ia getting too low. A commoner error is to have the heat 
too high ; it should be remembered that that which was high 
enough to clear the buttons at starting is more than sufficient to 
keep the process going. At the finish a. higher temperature is 
again required : therefore the door of the muffle should be closed 
and the furnace urged. The finish is easily recognised. The 
drops of litharge which in the earlier stages flow steadily from 
the surface of the alloy, thin off later to a luminous fllm. At 
the end this film appears in commotion, then presents a brilliant 
a, sudden extinction, the operation ia 
an instant whilst becoming 



play of colours, and, with j 
finished. The metal again ) 
solid. 

If the button is a small < 
and placed on that square o: 



ne the cupel is withdrawn at once 
the cupel tray which corresponds to 



' With bnttons poor in silver the lowering ol the tempetatnie at this 
gp is not a. matter oi importance. ^. 




tiie eiq>eb to aid 
witi hat 
cupel prerkMidf 
between tvQ k« 

pi' 

it until it tm^Mi to (Bt snH i 
back into ihe koMcr ]MEt «f Ae 

Slver remsiiB rf ~ 

adberifip hat vniy 
should ^ow £ust sMdoMp ^ 2 il 
senoe of plaliiniB ivnin it 912 
the characteristic laii* ^M a^ij 
Oopper, if not Hacphbdf 
the appeusnoe of Uie * 
as it were, aucl firmhr 
n^ghbourhood of the 
Sometuues tin Edtver 
rounded on its m 
this is due to tbv ^ 
the extent of 50 p» 




t tb Mrfad ^dl u)d gr^. 
■rked ef&ct on 
d out, damping, 
iT^Aaeh letter in the 
k ^n& oxide of copper. 
_ or VTCD more sharply 

r tlm «■ il* ^perHiifMw; it la said 'that 
Bmaa oE load. Odd may be present even to 
BCBt. vjlfctirt Anrii^ any ydlow colour. 
The appesrtmce of tbe nipel afis^ godk neefol infonoatjoD. 
The presence of cracks vvAwiOy doe to shrinkage indicates a 
badly made cupel If, hoMUku, ttey are acootnp&nied bj ft 
pecoliBr unfolding of tha c^iel, tfe nargm Ic^ng its distinct- 
oesB, it is because of th« yuimuu of «iitunoiiT. Wlieu lead is 
the only easily oxidtsaUs DMtal praseot, the stained portion of 
cupel is yellow when odd. A gneaoA tint may be due to small 
quantities of copper or, perhapfi, nickd, cobalt, or platinum. 
Larger quantities of copper give a greenish grey or almost black 
colour. A dark green and corroded cupel may be due to iron. 
BiDgs of pale-coloured scoria may be due to tin, dnc, antimony, 
or arsenic. When the cupel shows signs of the presence of thes» 
metals in objectionable quantity, it is well to repeat the assay 
and scorify so as to remove them before cupellation. 

The button should be detached from the cold cupel by seizing 
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with a pair of pliers : the under surface should be distorted by 
squeezing or hunmering the button so as to loosen the adhering 
bone ash. The cleaning is easily completed by rubbing with a 
dean hard brash. After cleaning the buttons are best put on a 
tray of marked watch-glasses, and then taken to the balance and 
weighed. The weight of edlver got needs a small correction; 
(i) by deducting for the amount of silver introduced by the 
lead or oxide of lead used in the assay j**^ and (2) by adding for 
the cupellation loss. 

I1O8S in Cupellation. — During the whole process of cupelling 
a silver lead alloy a more or less abundant fume may be observed 
rising from the cupel. This f urfushes an evident loss of lead and 
a possible loss of sUver ; for although silver at the temperature of 
cupellation gives off no appreciable vapour, it is known that such 
fume formed on a large scale contains silver. It is, however, 
difficult to believe that the small amount of lead vapourised 
carries with it a weighable amount of silver. That it does not 
do so in the ordinary way of working is shown by the fact that a 
button of silver equal in weight to the silver lost in cupelling 
may be got by smelting the cupel and cupelling the resulting 
button of lead. The loss of silver by volatilisation is altogether 
inconsiderable, unless the temperature at which the operation is 
performed is much too high. 

Another possible source of loss is the infiltration of small 
particles of alloy into the cupel. The cupel is necessarily porous, 
and particles of metal may perhaps drain into it, more especially 
if the bone ash is not in fine powder ; but if this is the main 
source of loss it is hard to see why, in cupelling equal weights of 
silver and gold, the loss is not equal in each case. It is not easy 
to believe tibat the mere filtration of the fused alloy will effect 
such a change in the proportion of the metals as that which 
actually occurs. For example : a cupel on which an alloy con- 
sisting of 0.80 gram of silver, 0.47 gram of gold, and 25 grams of 
lead had been cupelled, was found to contain 7^ milligrams of 
silver, and rather less than half a milligram of gold. Assuming, 
for the sake of argument, that the gold present had filtered into 
the cupel in the form of small drops of alloy, it would have been 
aooompanied by less than a milligram of silver, and the presence 
of the extra 6 or 7 milligrams of silver must have been due to a 
different cause. There can, thus, be little doubt that the cause 
of the greater part of the " cupellation loss '^ is a chemical one and 
cannot be counteracted by a mechanical contrivance.| In cupel- 

* 100 grams of the lead, or of its oxide, will contain from 1.5 to 2.5 
milligrams, 
t Still the precautions of having cupels well made from bonft ^sti m ^o^ 



L 



TEXT-BOOK OF ASSAYING. 

present, in addition to the sulphiirized mineralB of silver, are 
pyrites, galena, blende, and mispicke]. When they are present in 
only a moderate amount, their effect is simply to increase the 
weight of the button of lead ; and this is easily counteracted by 
reducing the amount of flojir, or by omitting it. When in lai^r 
amounts, they not only yield large buttons, but also render the 
metal sulphury, sometimes even giving a button of regulus instead 
of lead. This last evil may be remedied (i) by putting in a rod of 
iron as soon as the charge has fused, or (2) it may be counteracted 
by a proper addition of nitre, or {3) when the sulphides present 
are only those of iron or copper the sulphur may be removed by 
calcining, and the ore converted into one of the class containing 
metallic oxides. The calcination is effected as follows : — Weigh up 
20 grams of the powdered ore and place it in a wide-mouthed 
crucible sufficiently large to perform the subsequent melting down 
in. The roasting must be done at a gentle heat at first, so as to 
avoid clotting : the mouth of the crucible should project consider- 
ably above the coke, and should slope forward towards the worker. 
The charge must be occasionally stirred with the stirrer (fig. 10) 
BO as to expose fresh surfaces to the action of the air, and to pre- 
vent adhesion to the sides of the crucible. The stirrer should not 
be removed til! the calcination is iinished. The temperature 
should be raised at the end to a good red heat ; and (to ensure the 
decomposition of any sulphate that may be formed) the roasted 
ore should be ruhbed up in a mortar with a pinch of anthracite, 
and again calcined. It is then mixed with fluses as described, and 
fused in the same crucible. 

The calcination of an ore is a work occupying a good deal of 
time, and, in mott cases, it is better to take advantage of the 
desulphurizing power of red lead or nitre. Eed lead by itself 
will do, but a large quantity of it will be requu'ed ; 1 part of a 
metallic sulphide needs from 20 to 50 parts of red lead to yield a 
button free from sulphur; whereas at most from 2 to 2 J parts of 
nitre are suthcient. There is sometimes an advantage in having 
a considerable excess of oxide of lead in the slag, but where there is 
no such reason, 2 parts of red lead to i of ore is enough, A charge 
which will do for most sulphides is the following r 20 grams of 
ore, 40 to 100 grames of red lead, 20 grams of " soda," 5 of boraa, 
and sufficient nitre (or perhaps flour) to give a button of about 
25 grams of lead. How much thismust be (if not already known) 
may be approximately determined by fusing 3 grams of the ore 
and 3 grams of " soda " in a small crucible (C) with 50 grams of 
litharge (not red lead} under a cover of salt, and weighing the re- 
sulting button of lead. Subtract 3froni the weight of lead obtained, 
and the difference multiplied hy 1.3 will give the quantity i 
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grams of nitre required. If the button of lead weighs less tban 

3 grams flour must be added. If this is not satisfactory repeat 
the assay, adding an extra gram of nitre for each 4 grams of lead 
in excess of that required, or i gram of flour for a 12-gram 
deficiency. 

In the method in which iron is used as a de-sulphurising agent, 
only as much oxide of lead should be added as will give a button 
of lead of the required size. Eather a lar^ button of lead should 
be got, and the elag should be strongly alkaline ; if the ore does 
not already carry a large amount of sulphur some should be added. 
The fusion ehould be performed at a low temperature (similar tti 
that for a galena assay), and should he continued for aomo 
time after it has beeouie tranquil. Take so grams of tho ore, 
40 grams of "soda," 40 grams of oxide of lead, and 5 or 10 
grams of borax ; place this mixture in a crucible (with a rod of 
iron, aa in the galena assay), cover, and fuse for about half an 
hour. Take out the rod, washing it in the slag, and, in a minute 
or two, pour. Glean and cupe! the button of lead. 

Q-eneral fiemarka on the Fusion. — Other things being equal, 
the smaller the quantity of the slag the better, provided there is 
sufficient to cover the metal. The presence of peroxides of the 
heavy metals is prejudicLil, since they tend to increase the quantity 
of sUver retained in the slag. It may be given as a general rule 
that when iron, copper, manganese, &c., are present, there is a more 
than ordinary need for cleaning the slags, and care must be taken 
to keep these metals in the state of lower oxide. 

In selecting the fluxes, it should be remembered that soda is 
the best for quartz, and borax for time and metallic oxides. And 
that with ores almost free from ganguo some quartz or glass 
should be added to protect tho crucible. Two parts of soda are 
enough to flux 1 part of quartz ; whilst of borax, or oxide of lead, 

4 parts are barely sufficient. Oxide of lead has the advantage of 
bang heavy and so does not occupy much space in the crucible j 
on the other hand, if the melting down be performed too quickly, 
or if oxide of lead only is used, this high specific gravity is a dis- 
advantage, for the lighter earthy matter floats sis a pasty mass on 
the more fluid oxide of lead, and thus escapes its action. 

When metallic sulphides are present in the ore, an excess of 
oxide of lead helps to keep the sulphur out of the button of metal. 
In addition to the oxide of lead required as a flux, some will be 
required to provide the lead in which the silver is to be collected. 
Oxide of lead, mixed with charcoal or flour, yields, when heated, 
a multitude of minute buttons of metal unifornily distributed 
through the nmss of the charge ; as the chai-ge melts down these 
run together and fall to the bottom ; this shower of lead collecta 
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the silver more easily than a siaglo button at the bottom of the 
crucible could do. Only that portion of the oxide of lead which 
remains in the slag can be considered as a flux ; very often the 
first indication of an excessive reduction of lead is the pastiness 
of the slag rendered thick by the withdrawal of the oiside of lead 
which would have kept it fluid. If, in an assay, it ia found that 
5 parts of Bus are not sufficient for i part of ore, the remedy lies 
in using a different fins rather than in taking a lai^er quantity. 

On ike Reducing Effect of Charcoal, Flow, and Tartar, — ^The 
weight to be got from a given charge will depend {provided suffi- 
cient oxide of lead is present) upon the proportion of the reducing 
agents in it. We have thought it well to illustrate this part of 
the subject by a series of experiments which the learner will do 
well to practise for himself before proceeding to the assay of 
actual ores. Take 80 grams of litharge and zo grams of a mixture 
of botax and soda. Fuse three lots (i) with 1.5 gram of charcoal, 
(z) with 3 grams of flour, and (3) with 7.5 grama of tartar. 
Weigh the buttons of lead obtained, and divide each by the weight 
of reducing agent used. The results will differ somewhat witb 
the drynefs and quality of the flour, etc, used ; in one aeries of 
experiments they were as follows ;— 



The use of flour as a reducing agent has many advantages, and 
it is well to remember that i gratn of flour reduces about 1 1 grams 
of lead ; and that charcoal has twice, and tartar one-half, this 



On the Reducing Effect of Charcoal, <lic., on Red Lead. — It is often 
easier to obtain red lead of good quality than it is Utharge, and 
by a large number of assayers red lead is the form of oxide of 
lead always used. Red leaji, however, contains an excess of 
oxygen which will use up some of the reducing agent before lead 
separates out. On making a series of experiments (similar to the 
last, but using 80 grams of red lead instead of the litharge) the 
results were, with the same quantities of the reducing agents :— 
With charcoal, 18 grams of lead. 
„ flour, iS „ „ 

Comparing these with the results with litharge, in the previous 
table it will be seen that the same quantity of reducing agent has 
in each case brought down 1 6 grams less of lead, so that a larger 
amount of the reducing agent must be added to get a button of 



B weight as tbat obtained with litharge. To get a button, 
of a desired weight, eay 22 grams, we must add reducing agent 
sufficient to throw down 22 + 16 or 38 grams of lead, which would' 
require 3.4 gi'ams of flour. If this amount of flour is fusedi 
with 80 grams of red lead, a button of lead weighing J2 grajus 
wii! be formed, the other 16 grams being kept up by the oxygen. 
of the red lead. 

If the quantity of red lead differs from 80 grams, this rule must 
be modified. With 40 grams of red lea,d, for example, we should' 
add an excess of reducing agent sufficient to throw down 8 grami 
of lead instead of 16. Similarly, with 160 grama of red lead, wi 
should add enough to throw down 32 grams. 

The following rule will enable one to calculate the weight of' 
floiir required to produce a button of lead of any desired weight 
from any given quantity of red lead. Each 5 grams of red lead 
present diminishes the weight of the lead by i gram. If then 
wo divide the weight of red lead in a charge hy 5, and add this to 
t/ie weight of lead required, the aum. divided hy 11 will give the 
weight of flour which must be added. Using 80 grams of red lead 
and wanting a button of 20 grama, we should add 3.3 grams of 

80 ■=■ s = 16 ; 16 + ao = 36 ; 36 -^ II = 3.3 nearly. 
The following are some results obtained which will illustrate 
the rule : — 

Hcd Lead xtieA. FLour uiCd. Ijihi ^nt. 

40 grams ... 3 grams .„ 25.0 grama 



On ihe Reducing Effect of Metallic Sulphides, and the Counter- 
actiTtg Effect of Nitre. — The sulphides found in ores will reduce 
a button of lead from oxide of lead iust as flour does ; and, as 
charcoal, flour and tartar differ in their reducing power, so equal 
weights of the different minei-al siJphides throw down different 
weights of lead. 

One gram of iron pyrites yields about 11 grams of lead. On© 
gram of copper pyrites, blende, fahlerz, or mispickel, yields 7 or 
8 grams of lead, whilst i gi'am of antiroonito will give 6, and ■ 
I gram of galena only a little over 3 grams. It is evident that if 
an ore carries much of these sulphides, the quantity of lead re- 
duced will be very much larger than that required for an assay. 
To counteract this effect nitre is added ; i gram is added for eocA 
4 grams of lead in excess of that required. For example : with a 
jo-grajn charge of an ore containing 50 per cent, of pyrites, if no • 
nitre were added, no grams of lead would be got ; or, if there - 
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ttan that found on a cupel aad ia more easily collected anj 
cleaned ; that larger quantities of metal can bo treated, and that, 
even if the substance is in part infusible, or produces at the start 
a clinkery mass or scoria, the oxide of lead gradually accumu- 
lates, flnxea the solid matters, and produces a good final result; 
but if the oxide of lead by itself is not sufficient for the purpose, 
borax or some other flux can be easily added. 

If the button of silver got is very small its weight may he- 
estimated from its size; but it must be remembered that the- 
■weight varies ae the cube of the diameter. If one button has 
twice the diameter of another it is eight times as heavy and so 
on. Scales specially constructed for measuring silver and gold 
buttons may be purchased ; but it is much better to make the 
measurement with the help of a mica'oscope provided with an eye- 
piece micrometer. 

If the length of the long diameter of a silver button be taken' 
the following table will give the corresponding weight in milli- 
grams; — 
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0.016 „ 


0.23 


0.004 .■ 


D.QO4 



The weight of a corresponding button of gold is got by multi- 
plying by 2.25. These figures are based on those given by 
Platfcner, and apply only to buttons of such shape as those left 
after oupellation. A sphere of silver o.oi inch in diameter wouli 
weigh 0.09 milligram, and a similar sphere of gold weighs 0.167 
milUgram. 

It is safer, however, to compare with a micrometer the diameter 
of the button whose weight has to be determined with that of a 
standard button of nearly equal size whose weight is known. 
The weights of the two buttons are proportional to the cubes of 
their diarneters. This plan of working is described more fully 
in Appendix B., page 396. 

Calculation of the Results, — After deducting for the- 
silver added, and correcting for the cupellation loss, the calcula- 
tion is made in the usual way ; reporting as so many parta per 
thousand in the case of rich aJloys and as so many ounces anA 
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pennywe^^tSy or better as ounces and decimab of an ounce, in 
the case oi poor alloys and ores. 

In this last case, however, it is less fatiguing to refer to a set 
of tables which gm, either directly or by means of simple addi- 
tion, the produce corresponding to any weight obtained from 
certain given weighta of the substance. The fcdlowing table 
gives the prodoce in oonoes and decimals of an ounce per ton of 
2240 pounds : — 



WeifrlitoC 

MeUIgot. 




Weight of Ore taken. 






3f»~ 1 


SgTBBS. 


aognms. 


Sognxns. 


zoo grams. 


aoooi 


1.09 


a65 


0.16 


ao6 


0.03 


aOOQ2 


2.18 


I.3I 


0.33 


0.13 


ao6 


aooo3 


3-27 


1.96 


0.49 


a2o 


a 10 


0.0004 


4.36 


2.61 


a65 


a26 


0.13 


0.0005 


5-44 


3.27 


a82 


0.33 


0.16 


0.UU06 


6^53 


3.92 


a9S 


0.39 


0.19 


aooo7 


7.62 


4.57 


1. 14 


a46 


a 23 


acooS 


8.71 


5.23 


1.31 


a 52 


0.26 


aooo9 


9.80 


5.88 


1.47 


a59 


0.29 


0.001 


ia89 


6.53 


1.63 


a 65 


0.33 


aco2 


21.78 


13.07 


3.27 


I-3X 


0.65 


aoo3 


32.67 


19.60 


4.90 


1.96 


a98 


aoo4 


43.56 


26.13 


6.53 


2.61 


1.31 


aoo5 


• 54.44 


32.67 


H"^ 


3.27 


1.63 


aoo6 

a 


65.33 


39.20 


9. So 


3.92 


1.96 


aoo7 


76.22 


45.73 


"43 


4.57 


2.29 


aon8 


87.11 


52.27 


13-07 


5.23 


2.61 


C.C09 


9S.00 


58.80 


14.70 


5.88 


2.94 


aoi 


108.89 


65.33 


16.33 


6.53 


3.27 


ao2 


217.78 


130.67 


32.67 


13.07 


6.53 


ao3 


326.67 


196.00 


49.00 


19.60 


9.80 


ao4 


.435.56 


261.33 


65.33 


26.13 


1307 


OL05 


544.44 


326.67 


81.67 


32.67 


16.33 


ao6 


653-33 


392.00 


98.00 


39.20 


19.60 


ao7 


762.22 


457.33 


114. 33 


45-73 


22.87 


ao8 


871. 1 1 


522.67 


130.67 


52.27 


26.13 


ao9 


98aoo 


588.00 


147.00 


58.80 


29.40 


ai 


1088.89 


653.33 


16333 


65-33 


32.67 


Q.2 


2177.78 


1306.67 


326.67 


130.67 


65.33 


0-3 


3266.67 


1960.00 


400.00 


196.00 


98.00 


<X4 


4355.56 


2613.33 


653.33 


261.33 


130.67 


0.5 


5444.44 


3266.67 


816.67 


326.67 


163.33 


a6 


6533.33 


392aoo 


980.00 


392.00 


196.00 


<X7 


7622.22 


4573.33 


"43-33 


457.33 


22S.67 


a8 


871 1. 1 1 


5226.67 


1306.67 


522.67 


261.33 


0-9 


98oaoo 


5880.0Q 


i47aoo 


588.00 


294.00 


I.O 


10888.89 


6533.33 


163333 


653.33 


326.67 



When, as in this table, the fraction of an ounce is expressed by 
two places, of decimalsyit maybe reduced to pennyweights (dwts.) 
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by dividing by 5. For esample, 0.40 of aa ounce is 8 di,vts. Tha 
fraction of a dwt. similarly expressed may be converted into 
grains with sufficient eiaotnesa by dividing by 4. Thus, 1.63 ozs. 
equal i oz. 12.60 dwta,, or i oz. 12 dwts. 15 grains. In England 
it is usual to report in ounces and decimals of an ounce. 

The way to use the table is best shown by an example. Sup- 
pose a button of silver weighing 0.0435 gi^™ was obtained from 
zo grams of ore. Look down tho 20-gram column of the table, 
and select the values corresponding to each figure of the weight, 
thus: — 

0.04 — 65. 33 ozs. to the ton ^^^ 



0.0435 



71-05 



r 71 ozs. I dirt- 



Add these together. The produce is 71.05 ozs., 
to the ton. 

Or, suppose an ore is known to contain 1.24 per cent, of silver. 
Look down the 100-gram column, select the values, and add them 
together aa before. 

1.0 = 326.67023. per ton 

0.2 = 55.33 

0.04 = 13.07 „ I _ 



This gives 405 oz8. i dwt. 10 grains to the ton. S 

The calculation becomes more complicated when, as ia fre- 
quently the case, the ore contains metallic particles. These show 
themselves by refusing to pass through the sieve when the ore is 
powdered. When they are present, a large portion, or if feasible 
the whole, of the sample is powdered and sifted. The weights of 
the sifted portion and of the "metallics," or prills, are taken; the 
sum of these weights gives that of the whole of the sample taken. 
It is very important that nothing be lost during the operation of 
powdering. 

Each portion has to be assayed separately. It is usual to assay 
a portion of the sifted sample, say, 20 or 50 grama, and to add to 
the produce of this its share of the " metullics." This way of 
calculating, which is more convenient than correct, is illustrated 
by the following example r — - 

Weight of whole sample .... 400 grams 
Mado np of sifted portions .... 399 „ 
„ "Metallics" . • . . in 
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Twenty grains of the sifted portion, when assayed, gave 0.1050 
gram of sUver. The whole of the "metallics" scorified and 
cupelled gave 0.842 gram of silver. Since the 20 grams assayed 
was i-2oth of the whole, i-2oth part of the 0.842 gram of silver 
(from the metallics) must be added to its produce. We thus 
get 0.1471 gram (0.1050 + 0.0421). 

Heferring to the 20 gram column, we get — 

0.1 = 163.33 

0.04 = 65.33 

0.007 = 11.43 

0.0001 = 0.16 



0.147 1 = 240.25 ounces per ton. 

A more legitimate method of calculation is as follows : — Calcib- 
late separately the produce of each fraction as if they were from 
different ores. Multiply each produce (best stated in per cents.) 
by the weight of the corresponding fraction. Add together the 
products, and divide by the weight of the whole sample. Taking 
the same example for illustration, we have : — 

MetcJlics, — ^Weight i gram. 

I gram of it yielded 0.842 grams of silver. 
.'. Produce = 84.2 per cent. 

Produce multiplied by the weight is still 84.2. 
JSifted Portion, — ^Weight 399 grams. 

20 grams of it yielded o. 105 gram of silver. 
.'. Produce = 0.525 per cent. 

Produce multiplied by weight (0.525 x 399) is 209.475. 
Add together ; and divide by 400, the weight of the whole sample— 

84.2 
209.475 

400)293.675(0.7342 

0.7342 is the total produce of the ore in per cents. 

Bef erring to the 100-gram colunm in the table we find 239.84 ounces to 
the ton as the produce. 

0.7 = 228.67 

0.03 = 9.80 

0.004 = 1. 31 

0.0002 = 0.06 



239-84 



Comparing this with the result calculated by the first method — 
viz., 240.26, we see that that was 0.38 oz., or between 7 and 8 
dwts. too high. 

With ores containing " metallics " it is of great importance to 
powder the whole of the selected sample without loss during the 
process ; and of even greater importance to well mix the sifted 
portion, of which the last portions to come through the sieve are 
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is in contact. The ratio of lead to copper 
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Assuming these figures to be correct, the following statement 
is approximately true. On. osidiaing an alloy of lo grams of 
copper and lo grama of lead, and pouring off the slag when 
3 grams of lead have gone into it, there will be a loss of (owing to 
the slag carrying it olT) about o.z gram of copper. On repeating 
the operation, the nest 3 grama of lead will carry with them 
about 0.5 gram of copper ; and on again repeating, 3 grams of 
lead will remove 0.8 gram of copper. Pinally, the last gram of 
lead will carry with it 0.3 gram of copper, and there will be left a 
button of copper weighing 8.3 grams. The slag will have carried 
off altogether 1.7 gram of copper, which ia 17 per cent, of the 
metal originally present. 

"With the more perfect exposure to the air, and quicker removal 
of the slag, which results from heating on a cupel, the loss would 
be heavier. Karsten got by actual experiment on cupelling copper 
and lead in equal proportions, a loss of 21.25 F^** cent. 

Going back to the example : if the slag were collected and 
fused with a suitable reducing agent so as to convert, say, half of 
it into metal, that half would contain nearly the whole of the 
copper (such a reduction is called " cleaning the slag "). On re- 
oxidising this metal, another button of copper is formed which, 
added to the first, would reduce the loss from 17 per cent, to, say, 
7 or 8 per cent. And it is conceivable that by a series of similar 
operations, almost the whole of the 10 grams of copper originally 
taken might be recovered. In practice the problem is (as far as 
the copper is concerned) not how to save, bat how most easily to 
remove it ; and since the removal of this metal is quicker from an 
alloy containing not too much lead, it is evident that two or three 
operations with small quantities of lead will be more effectual 
than a single treatment with a larger quantity. With those 
metals (tin, antimony, &c.) which pass quickly into the slag, the 
contrary ia true; hence with, these it is necessary to have enough 
lead present, so that the slag formed at the outset shall cont^ 
enough oxide of lead to make it fiuid. As silver is so much less 
easily oxidised than copper, we should reasonably expect that the 
proportion of silver carried off in the oxide of lead would be con- 
eiderably less than that of the copper indicated in the above 



IF as the operation proceeds. It is od this accoimfe 
that the ill-effects of the copper make themselves felt at the cloee 
of the operation, aad th.ii the oidde of copper is found accumu- 
lated around the hutton of silver. Tin and aatimonj, on the 
other hand, are more easily osidised ; and the tendency of their 
osides to thicken the slag makes itself felt at the commencement : 
if the button of alloy once frees itself from the ring or crust of 
tinfused oxide first formed, the cupellation proceeds quietly, and 
leaves a clean bnttoa of silver in the centre. But in either case 
the cupellation is imperfect, and should be repeated with a larger 
proportion of lead. An unfused and. consequently, nnabsorbed 
Blag tends to retain small buttons of alloy or metal, and thus cause 
serious loss. 

There is a principle underlying many of the phenomena of dry 
silver assaying which the student should endeavour to understand ; 
and which serves to emphasise and explain some facts which with- 
out an explanation may present difficulties. If a button of mdt«d 
lead be covered with a layer of slag rich in oxide of lead, and a 
second metal be added, this other metal distributes itself between 
the metal and slag in proportions which depend mainly upon the 
ease n~ith which it is oxidised, and to a large extent upon the 
relative quantities of material present. Easily oxidisable metals 
such as zinc, iron, antimony and tin, will go mainly Into the slag, 
and, if the proportion of the slag is large, very little will go into 
the metal. On the other hand, with metals oxidisable with diffi- 
culty, such as silver, gold, and platinum, the reverse holds true; 
nearly the whole of the metab will go into the lead, and very httle 
into the slag. If, however, the slag be very rich, say in antimony, 
the lead will contain antimony; and, on the other hand, if the 
lead be very rich in silver, the slag will contain silver in apprecia- 
ble quantity. Copper, which is near lead in the facihty with which 
it is osidised, wiU serve for the purpose of a detailed example. 
The results of actual aaalyses of metal and slag formed in contact 
with each other are shown in the following table : — 
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It will be seen from this table that the slag is always much 
richer in lead and poorer in copper than the metal with which it 
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tlie percentage composition. Kefer to the table on page 105 to 
find what weight of lead is required for cupelling I gram of alloy. 
"Weigh out four lots of i gram each, and wrap thom in the 
required quantity of lead. Make two check pieces by weighing 
up two lots of fine silver equal to that which you believe to be 
present in the assay pieces ; 
add copper to make up the 
weight to I gram, and wrap 
in the same quantity of lead 
as was used for the assays. 

Prepare sis cupels and 
charge them in the annexed 
order (fig. 43), and cupel. 
Guard against spirting. 
Clean and weigh the buttons 
of silver. Add the mean 
loss on the two check pieces 
wpight of the four assay pieces; this multiplied by 
1000 will give the degree of fineness. 

Determination of Silver in Copper. — The silver is best 
eeparated in the wet way before cupelling, but if the proportion 
is not tiro small, it can be found by cupellation. Weigh up 
3 grams of the metal, wrap in 30 gr.ims of sheet lead, and cupel; 
when the cupellation has proceeded for fifteen minutes, add 
20 grams more lead, and continue till finished. Weigh the button 
of silver. 

The cupellation loss will be five or six per cent, of the silver pre- 
sent. Determine it by powdering the saturated portion of tha 
cupel and fusing in a large Cornish crucible with 30 grams each 
of soda and borax, 10 grams of fiuor spar, and i^ gram of char- 
coal. Cupel the resulting button of lead, and add lo grams more 
of lead towards the close of the operation. Deduct the weight of 
silver contained in the lead used from the weight of the two 
buttons, and calculate to ounces to the ton. 

In an experiment in which 0.1975 gram of silver was present, 
the weight of the button from the first cupellation was 0.1867, 
and that of the button from the second, after correcting for the 
lead added, was o.oiio gi-am, 

Deterniination of Silver in Galena. By Fot Aaaay. — 
Mix 30 grams of the powdered ore with 30 grams of red lead, 
ao grama of soda, and 5 grams of borax, as also with from 7 te 
10 grama of nitre. Fuse and pour. Clean the slag if the ore 
i« rich. Cupel the buttons of lead. Make the usual corrections 
__ Attd calculate in ounces to the ton. 

Jljf Scorifieation. — Take 10 grams of the ore, 30 grams of lead, 
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and 0.5 gram of borax. Scorify, clean the slag by adding anthra- 
cite after the " eye " has closed in : cupel the button of lead. 
Weigh the button of silver, make the necessary corrections, and 
calcidate to oimces to the ton. 

The determination may also be made by cupelling the button 
of lead got in the dry lead assay. 

A sample of galena determined by the three methods gave the 
following results : — 

By pot assay • . ,7.18 ozs. per ton. 
,1 scorification • • 7.02 ,, 

II lead assay . . . 6.72 „ 

Determination of Silver in an Ore. By Pot Assay, — 
Take 20 grams of the powdered ore and mix with 30 grams of 
soda^ 40 grams of red lead, and 5 grams of borax, as also with 
from 2 to 3 grams of flour. Fuse : pour. Clean the slag by 
fusing with 20 grams of red lead and two grams of flour. Cupel 
the buttons of lead ; weigh ; make the necessary corrections, and 
calculate to ounces to the ton. 

By Sc<ynfic(Ui(m, — ^Take 5 grams of the powdered ore, 50 grams 
of lead| and 0.5 gram of " soda " or borax. Scorify. Clean the 
Elag by fusing in a crucible as in the pot assay. Cupel, &c. 

Examples, — By Pot Assay, — Ore taken 20 grams. 

Silver got. . • . 0.2893 gram 
Silver from slag . . 0.0060 „ 
Silver lost in cupellation . o.oioo n 

0.3053 ff 
Deduct silver in red lead . 0.0017 ^ 



Silver in ore • . . 0.3036 „ = 495-9 ozs. per ton. 

By Scorification, — Ore taken, 3 grams. 

- Silver got. . . . 0.0425 gram 
Silver from slag . • 0.0022 „ 
Silver lost in cupellation . 0.0020 ^ 

0.0467 „ 
Deduct silver in lead • 0.0015 ^ 

Silver in ore • • • 0.0452 „ = 492.2 ozs. per ton. 

Determination of Silver in Silver Precipitate. — This sub- 
stance contains, in addition to metallic silver and gold, sulphates 
of lead and lime ; oxides of zinc, copper, and iron ; and more or 
less organic matter. The sample as received is generally free 
from " water at 100' C." ; and, since it rapidly absorbs water, 
care should be taken in weighing it. 
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Since it coatains combmed water it ia not suited for Bcorify- 
j J therefore the determiaation of silver and gold (fine metal) 
mode by pot assay. Weigh up s grama of the precipitate, 
with loo grams of litharge and I gram of charcoal. Melt 
in a crucible at a moderate heat arid pour. Detach the slag, 
replace in the crucible, and, when fused, add a mixture of 
20 grams of litharge and i gram of charcoal. When the fusion 
is again tranquil, pour; and cupel the two buttons of lead. 

In a sample worked in this manner the mean of four determi- 
nations gave o.68ig gram of "fine metal"; deducting i milligram 
for the alver contained in the oxide of lead, and adding 8 milli- 
grams for the cupeOation loss, there is got 0.6889 gram or 
13.778 per cent of silver (and gold) in the sample. 

Determination of Silver in Burnt Ores. By Pot Assay. 
— Roasted cupriferous pyrites containing small quantities of gold 
and silver comes under this heading. The following miztuara 
will give a fluid slag which ia heavy and tough when cold : — 

Ore. Bom. Sand. Lithnrgo. ChnrcoaL 

100 ... SO ... SO - 100 - 7 

Mix ; place in a large crucible ; cover with salt ; and melt down 
under cover. Wben fused drop in an iron rod for a few minutes, 
and about a couple of minut^ after its withdrawal, pour the 
charge quickly into a large conical mould. The button of lead 
should weigh about 50 grams. Cupel and weigh the silver. The 
litharge may be replaced by red lead, in which case another 
gram of charcoal powder must be added. 

In our experience the results obtained by this method are about 
20 per cent, less than the actual content of the ore. The results 
of two assays, after deducting for the silver in the litharge used, 
were 3.9and 4.1 milligrams; anda third assay, in which 5.4 milli- 
grams of silver had been added, gave g.z, which, after deducting 
the added silver, leaves 3.8 milligrams. The average of the three 
results is 3.9 milligrams from the roo grams of ore. 

Two lota of 100 grams of the same ore bieated in the wet way 
gave 5.2 and 5.0 milligrams of silver. Burnt ores from Spanish 
pyrites carry ahout 0.005 per cent, of silver, 

WET METHODS. 

Silver is got into solution from its ores by attacking with 
nitric acid, but it is best, after dissolving, to cautiously add dilute 
hydrochloric acid, and to carefully avoid excess. If the quantity 
of silver is very small the solution is allowed to stand twenty-four 
hours, but, otherwise, it is warmed and filtered as soon as it clears. 
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Diy the reBidne and concentrate the eilver in a button of lead 
by pot method or scorification, according to the amount of stony 
matter present. Cupel the lead, and the regulting button will 
be free from all metals, except perhaps gold. It may bo weighed ; 
or diasolved in nitric acid, and the Biiver det-ermined gravi- 
metrically in the diluted and filtered solution. It is better to 
weigh the metal and afterwards to determine the gold in it, esti- 
mating the silver by difference. Silver alloys are dissolved in dilute 
nitric acid (free from chlorides), diluted, and filtered. The solu- 
tion is then ready for gravimetric determination. 

Sulphuretted hydrogen precipitates silver (like copper), com- 
pletely, even from fairly acid solutions. 



GBAVIMETBIC DETEEMIHATIOHT. 

Add dilute hydrochloric acid in small excess to the hot dilute 
solution, which must contain free nitric acid. Heat and stir 
until the solution clears. Decant through a small filter, and 
wash with hot water, acidulated at first with a little nitric acid 
if bismuth is suspected to be present. Dry quickly, transfer as 
mucb as possible of the precipitate to a watchglass ; burn and 
ignite the filter paper, treating the ash firet with two drops of 
nitric acid and then with one of hydrochloric, and again dry. 
Add the rest of the silver chloride and heat slowly over a, Euasen 
burner until it begins to fuse. Cool and weigh. 

The precipitate is silver chloride (AgCl) and contains 75.27 per 
cent, of silver. The moist precipitate is heavy and cui'dy ; it is 
decomposed by direct sunlight, beconiing violet under its influence. 
When heated it is yellowish ; and, since it is volatile at a high 
temperature, it must not, in drying, be heated above its fusing 
point. The fused chloride can be removed from the crucible 
(to which it adheres strongly) by digesting with dilute acid and 

For the determination of silver in nearly pure bullion the fol- 
lowing process is used; — Weigh up 1,5054 gram of the alloy. 
"With this amoimt of alloy each s milligrams of silver chloride 
formed is equivalent to 1 degree of fineness, so that the weight of 
the silver chloride obtained (stated in miUigrams and divided by 2) 
will give the degree of fineness. Transfer to a bottle (known as 
" bottles for the Indian mint assay ") rtnd dissolve in 10 c.c. of 
dilute nitric acid, then make up with water to 200 c.c. and add 
3 c.c. of dilute hydrochloric acid. Allow to stand a few minutes 
and then shake. Fill the bottle completely with water, allow to 
settle, and ^phon off the clear liquid ; pour on more water. 
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Bhake gently to break up the lumps, and again fill the bottla 
with water. Invert over the mouth of the bottle a porous 
Wedgwood crudble, somewhat similar to those used in gold part- 
ing. Take firm hold of the crucible and bottle, and invert 
promptly so that the silver chloride may be collected in the 
crucible. Allow to stand & little while for the precipitate to 
settle, and then carefully remove the crucible under water.* 
Drain off most of the water aad break up the silver chloride with 
the help of a well-rounded glass rod. This greatly facilitates the 
subsequent drying. Dry first on the water bath and then on the 
iron plate. Remove the dried silver chloride, by inverting the 
crucible, and weigh it. 

As an example, 3 determinations of silver in a coin cai'rieil out 
in this way gave 1 — 

(ij 1.8500 gram AgCl = 935.0 fineness. 

(2) 1.8498 „ = 924,9 „ 

(3) 1.8502 „ = 925.1 „ 
Determination of Silver in Burnt Ores. — Take 100 grama 

of the ore and place in a large beaker of 2^ litres capacity, and 
cover with 375 c.c. of hydrochloric acid. Boil for half an hour 
until the oxides are dissolved ajid the residue looks like sand and 
pyrites; then add 20 c.c. of nitric acid, and boil till free from 
nitrous fumes. Dilute to 2 litres with water, and pass a current 
of sulphuretted hydrogen tDl the iron is reduced, the copper 
and silver precipitated, and the liquor smells of the gaa. Thia 
takes about one hour and a half. 

Filter off the precipitate {rejecting the solution) and wash with 
warm water. Dry and transfer to an evaporating dish, adding 
the ashes of the filter paper. Heat gently with a Bunsen burner 
until the sulphur bums, and then calcine until no more snl- 
pburous oxide comes off. When cold add 30 c.c. of nitric acid, 
boil and dilute to 100 c.c. Add i c.c. of very dilute hydrochloric 
acid (i to 100), t stir well, and allow to stand overnight. 
Decant on to a Swedish filter paper, dry and calcine. 

Mix the ashes with loo grams of litharge and i gram of 
charcoal, and fuse in a small crucible. Detach the button of lead 
and cupeL Weigh and make the usual corrections. As an ex- 
ample, 100 grams of ore treated in this way gave 5.8 milligrams 
of ffllver; deducting 0.8 for the silver added in the oxide of lead 
leaves 5 milHgrams obtained from the ore. Another experiment 
on lOD grams of the same ore to which 5 milligrams of silver had 

• Be careful to remove the crucible before taking the bottle ont of the 
basin of water ; if this is not done the chloride may be washed oat of it. 
f 1 ao. of this dilute acid will precipitate 8 or 9 milli^amB of silvBT. 
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fmen added gave ii.o milligrams. Deduct 5.S for tlie silTer 
added; this leaves 5.2 milligrams hs the silver obtained from 
the oie. These give, as a mean result, 0.005 
1.66 ounce per ton. 

Determination of Silver in Commercial Copper. — For 
the method oE doinjr this, with an esample and experiment, see 
tmder the heading of Examination of Commercial Copper. 

VOLUMETEIC METHODS. 

lere are two of these, one adapted for the determination of 
I ^oys of approximately known composition, and the 
other of more general application. The first o£ these, generally 
known as " C&y-Lusaac's " method is, aa regards its working, 
perfect in principle ; but it requires a practically constant quantity 
of silver, that is, one which vari^ by a few milligrams only in 
each determination. It is a confirmatory method rather than a 
determinative one. The other is known as " Tolhard's," and 
resembles in principle and method an ordinary volumetric pro- 

Qay-Iiusaac's metbod is based on the precipitation of silver 
from a nitric acid solution by a solution of sodium chloride. The 
point at which the whole of the silver is precipitated being recog- 
nised by the standard solution ceasing to give a precipitate. The 
process depends for its success upon, (i) the ease which silver 
chloride separates out from the solution leaving it clear after 
shaking, and, (2), the cloudiness produced by the reaction of very 
small quantities of silver nitrate and sodium chloride. In work- 
ing, a quantity of the sodium chloride solution equal to i gram 
of sUver is added at once to the assay ; and, when the solution 
has been rendered clear by shaking, the residua! silver (which 
should not exceed a few milligrams) is estimated with the help of 
-a weaker solution of sodium chloride. The success in working 
evidently depends upon the accuracy with which tlie first addi- 
tion of the salt solution is made. On this account the standard 
Bolntion is run in from a special pipette capable of delivering a 
practically invariable volume of solution. It is not so important 
that this shall deliver exactly 100 c.c. as that in two consecutive 
xleliveries the volume shall not differ by more than 0.05 c.c. 
The dilute salt solution is one-tenth of the strength of that first 
Tun in, and r c.c. of it is equivalent to i miUigram of silver. 
OrdinajTiy it is run in I c.c. at a time (and an ordinary burette 
may be used for this purpose), shaking between each addition 
until it ceases to give a precipitate. If many such additions hare 
to be made the operation not only becomes tedious, but the solu- 
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tion also ceases to dear after shaking, go that it becomes Impca- 
able to determine the finishing point. 

If the aasay contains less than one gnjn of ailTer the first 
addition of the dilate salt solution of course produces no precipi- 
tate. Five miQigTams of silver in solution (5 c-C.) is then added, 
and the assay proceeded with in the usual wayj 5 milligrajns of 
silver being dedocted from the amount found. 

There is required for the assay a standard sdulion of sodium 
dUoride, which is prepared by dissolving 5.4162 grams of the salt 
(made by neutralizing carbonate of soda with hydrochloric add) 
in water and diluting to one litre. 100 c.c. of this is equivalent 
to I gram of silver. 

The weaker solution of salt is made by diluting 100 c.c. of the 
stronger one to one litre. One c.c. of this will equal i miUigraia 
of silver, or 0.1 c.c. of the stronger solution. 

A Oandard sdvtion of tilver equivalent to the dilute salt 
solution is made by dissolving 1 gram of fine silver in 10 c.c. of 
dilute nitric acid, and diluting with water to one litre. 

The solution of salt is standardised as follows : — Weigh np 

1.003 g'^"' •^^ ^^ silver and dissolve in 35 c.c. of dilute nitric 

add in a bottle provided with a well-fitting flat- 

Jl headed stopper. Heat on the water bath to assist 

I solution, resting the bottle in an inclined position. 

II When dissolved blow out the nitrous fumes with the 

JL help of a glass tube bent at right angles. Kun in 

from a stoppered pipette (as shown in fig. 44) 100 c.c 

of the standard salt solution, and shake vigorously 

until the Eolution clenrs. Fill an ordinary burette 

with the weaker standard salt solution, and run i co. 

into the assay bottle, letting it run down the side so 

that it forms a layer resting on the assay solution. 

If any silver remains in solution a cloudy layer wiD 

be formed at the junction where the two liquids 

meet. This is best observed against a black back- 

Fra. 44. ground. If a cloudiness is seen, shake, to clear the 

liquid, and run in another c.c. of salt, and continue 

this until a cloudiness is no longer visible. Deduct 1.5 c.c. from 

the amount of the weaker sodium chloride solution run in. 

Divide the corrected reading by 10, and add to the 100 c.c. 

This will give the volume of strong salt solution equivalent to 

the silver taken. 

If the first addition of the weaker salt solution causes no 
cloudiness add 5 c.c. of the silver solution from an ordinary 
pipette, shake, and then run in the weaker salt solution, working 
ttB before. These 5 milligrams of silver added must be allowad 
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for before calcnlating. As an esample : — i.oioo gram of fine 
silver was taken for standarJising a. solution ajid 4 c.c. of the 
weaker salt solution were run in. Deducting i.j and dividing 
by 10 gives 0,25 c.c. to be added to the 100 e.o. 

which is the standard of the .salt solution. 

The method of working an a-^say may be gathered from the fol- 
lowing example : — In the determination of silver in some buttons 
left after cupellation, it was assumed that these would contain 
99.5 per cent, of silver. For the assay it was necessary to take a 
quantity that should contain a little more than J.0075 grama of 
Bilver; then 




99-5 : 



.075: 



To ensure a alight excess, there waa taken 1,0150 gram of the 
buttons, which was treated in exactly the same way as for the 
standardising. The quantity of the weaker salt solution required 
waa 7 c.c. ; deducting 1.5 c.c, and liividing by 10, gives 100.55 *'■"■ 
of strong salt solution, which is equivalent to 1.0130 gram of 
silver. This being obtained from 1.015 gram of alloy, is equal to 
99.8 per cent., or 99S.0 fine. 

The Effect of Temperature. — The standardising and the 
assay must he done at the same time, since a difference of 5° C. 
makes a difference of o.i c.c. in measuring the 100 c.c. of strong 
solution of salt. It is always best to prepare a standard with each 
batch of assays. 

STJLPHOCTANATE METHOD. — Volhard's process is 
based upon the precipitation of silver in nitric acid solutions 
with potflssium sulphocyanate, the finishing point being the 
development of a reddish-brown colour, produced by the action 
of the excess of sulphocyanate upon ferric sulphate. The white 
Bulphocyanate settles readily, leaving the hquor clear ; and a 
pe^istent brown coloration in the liquid indicates the finish. 
The assay must be carried out in the cold ; and water free from 
chlorides* must be used. 

T/ie standard avlphocyanate of potassiimn solution is made 
by dissolving 4^ or 5 grams of the salt (KCyS) in water, and 
dilating to i litre. 100 c.c. are about equivalent to 0.5 gram of 
silver. 

• Chlorides interfere not merely by removing silver as insoluble aJlver 
cblDtide, bnt also by making it difficult to get a good finisbing point, 
owing to tbe silver chloride removing the colonr from the reddened 



h 



m 

^P The> 

^M -of fine 

^F fumes. 



TEXT-EOOK OF ASSAYISQ. 



I 



The Standard sUvernitraie solution is Taadebj AisRolvmg g grama 
-of fine silver in. 50 c.c, of dilute nitric acid, boiling ofi" nitrona 
fumes, and diluting to i litre. 

The indicator is a saturated solution of iron alum, or a solution 
of ferric sulphate of equivalent strength made by titrating acid 
ferrous sulphate with potassium permanganate. Use 2 c.c. for 
each assay. 

The sidphoeyanate solution is standardised by placing 50 o.a.of 
the silver nitrate solution in a flask with 20 c.c. of dilute nitric 
acjd, diluting to 100 c.c. with water, and running in the sulpho- 
cyanate until the greater p.irt of the silver is precipitated ; then 
adding 2 c.c. of the ferric indicator, and continuing the titration 
until a reddish-brown colour is developed, and remains permanent 
after stating continuously. The assay is similarly performed, the 
silver being used in the state of a nitric acid solution. 

The effect of variations in the conditions of the assay may be 
Been from the following experiments, in which ao c,c. of standajd 
silver nitrate were used : — 

Effect of "Varying Temperature : — 

Temperature 10° C. 30° C. 70* C. 100° C. 

Sulphocyanate reqd. 19.6 c.c. 19.3 c.c. 19.0 c.c. 18.6 c.c. 

Effect of Varying Hitric Acid: — Varying nitric acid Las 
no effect, except that with a fairly acid solution the finishing point 
is somewhat sharper. 

Nitric acid added 5 c.c. 10 c.c. zo c.c. 50 c.c. 

Sulphocyanate reqd, 19.6 c.c. 19.5 c.c. 19.6 c.c. 19.6 c.c. 

Effect of Varying Bulk : — 

Bulk 50 c.c. 100 c.c. 200 c.c. 300 c.c. 

Sulphocyanate reqd. 19.5 c.c. 19.6 c.c. 19.6 c.c. 19.7 c.c 

Effect of Varying Amnionic Nitrate : — 

Ammonic nitrate o gram i gram 5 grams 10 grams 

Sulphocy.inate rerid. 19.6 c.c. 19.6 c.c. 19.7 c.c. 19.9 c.c 

Effect of Varying Silver 1 — 
Silver added i c.c. 10 c.c. 20 c.c. 500.0. too co. 

Sulphocynnatfl reqd. i.o c.c. 9.70.0. 19.60.0. 49.40.0. 99.0 cc 

This method is valuable for determining silver in salts, alloys, 
and solutions, where no more than an ordinary degree of acourag 
is demanded. It ia easy, and applicable under most of the usual 
conditions. Its greatest disadvantage is the brown coioratioD 
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prodaced by the sulphocyanate when the assay is nearly, but not 
<][mte, finished ; and the slowness with which this is removed on 
shaking up with the precipitate. This is worse with large 
quantities of precipitate, and if about i gram of silver is present, 
it gives an indefiniteness to the finish which lowers the precision 
of the process to about i in 500 ; this is useless for the assays of 
bullion. One writer states that this inconvenience is due to 
portions of liquid beiug entangled in the precipitate, but it 
appears much more likely to be due to the action of the precipitate 
itself. In attempting to apply the process to the assay of bullion 
by working it on the principle of a Gay-Lussac assay, it was 
found that a very considerable excess of silver was required to 
complete the reaction. In these experiments 100 c.c. of "sulpho- 
cyanate " (very accurately measured) was run into the solution 
containing the weighed portion of bullion (fine silver) and, after 
shaking the solution, was filtered. In the filtrate the remaining 
silver, if there shoiild be any, was determined by the ordinary 
titration, but with "sulphocyanate" of one tenth the strength. 
This final titration was quite satisfactory. The amount of silver 
precipitated by the first 100 c.c, however, varied with the 
•quantity of silver present as in the following series.* 

Silrer present. Silver precipitated. 

1..1342 gram. 1. 1322 gram. 

1. 1375 .» I- 1335 ,» 

1. 1405 » I- 135 1 » 

1. 1484 „ 1. 1379 „ 

These, of course, preclude a method of the kind aimed at, and 
at the same time emphasise the importance of uniformity of work 
in the ordinary process. In the determination of chlorides in sea- 
water, Dittmar used a combined method : precipitating the bulk 
of the silver as chloride, and after filtering, determining the 
small excess of silver by sulphocyanate. This modification 
answers admirably when applied to the assay of bullion. In the 
ordinary Gay-Lussac method, the precipitation of the bulk of the 
silver by the 100 c.c. of salt solution leaves nothing to be desired, 
either as to ease in working or accuracy of result; the silver 
precipitate settles quickly, and leaves a clear liquor admirably 
fitted for the determination of the few milligrams of silver 
remaining in solution. But the method of determining this 
residual silver by adding successive small quantities of salt so 
long as they continue to give a precipitate is unsatisfactory, and, 

* These results were obtained when using ammonium sulphocyanate, 
«uid cannot be explained by the presence of such impurities as chlorides, &c* 
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judged on its own merits apart from the rest of the process, could 
hardly escape condemnation. It is clumsy in practice, for the 
continued adding of smalt portions of salt solution is laborious 
and becomes impossible with more than a few milligrams of sUver- 
in solution. The proposed modidcatioa is simple; having 
precipitated the silver with the loo c.c. of salt solution, as 
described under Gay-Lussac's method (page 120), shake till the 
liquor clears, and filter into a, fiask, washing with a little distilled 
water. Add s c.c. of " ferric indicator " to the filtrate and titrate 
with a standard " sulphocyanate solution " made by diluting the 
ordinary standard solution to such an extent that 100 c.c. after 
diluting shall be equivalent to o. i gram of silver." Ciilculate the 
weight of silver found by "sulphocyanate" and add it to the 
weight which 100 c.c. of the salt solution will precipitate. 

An advantage of this modification is that an excess of 15 
milligrams may be determined as easily and exactly as 5. In 
standardising the salt solution, then, weigh up, say 1.0150 gram 
of pure silver, diKsolve and titrate. Suppose 1 3.5 c.c. of " sulpho- 
cyanate " required ; then these are equivalent to .0135 gi-am of 
silver, (loo c.c, = .i); the silver precipitated by the salt is 1.0150 
- .0135 — i-e-, 1.0015 gram, which is the standard. 

Application of the Method to Assays for ArBonic, — If 
silver nitrate be added to a neutral solution of an arsenate of one 
of the alkali metals, silver arsenate (AgjAsOJ, is thrown down 
as a dark-red precipitate. If, after adding excess of silver nitrate 
to insure a complete precipitation, the arsenate of silver be 
filtered off, the weight of the arsenic could be estimated from the 
weight of silver arsenate formed. But this may be done much 
more conveniently by dissolving the precipitate in nitric acid, and 
titrating with sulphocyanate ; the silver found will be to the 
arsenic present as 324 (108 x 3) is to 75, 

The minei'al is best treated by the method given in the third 
paragraph on page 338 ; but the solution, after being acidified 
with nitric acid, should be made exactly neutral with ammonia. 
A small excess of silver nitrate should then he added, and since 
acid is liberated in the reaction, the liquor must again be 
neutralised.f The precipitate must then be filtered off, and 
washed with distilled water. Then dissolve it in the paper by 
slowly running over it 20 c.c. of dilute nitric acid. Wash the 
filter with distilled water, collecting with the filtrate in a small 
fiask. Add 2 c.c, of " ferric indicator " and titrate, 

• Mnltiply the stnndard hy rooo, and dilnto too c,o. of Iho standard 
Eolution to the resulting nnmber of c.i:. TIidb, with a solntion of a 
c.c, DHinp, of course, distilled water. 
lOj + UNO, + zNaNO,. 
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If the sulpbocyanate solution be made up with ii or 12 grams 
of the potassium salt to the litre, and be then standardised and 
diluted, so that for 100 c.c. it shall equal 1.08 gram of silver, 
(see p. 38), then it will also equal '25 gram of arsenic (As). 
Except for ores rich in arsenic, it will be better to work with a 
solution one half this strength. The standard as calculated from 
an experiment with pure silver should be checked by another 
using pure resublimed white arsenic, As^Oj, which contains 
75.75 % of the metal. The quantity of white arsenic taken, .1 
or .2 gram, should contain about as much arsenic as will be 
present in the assays. It is converted into sodium arsenate by 
evaporating to a small bulk with nitric acid and neutralising with 
soda. The precipitation and titration of the silver arsenate should 
be exactly as in the assays. 

The difficulty of the method is in the neutralising ; which has 
to be very carefully done since silver arsenate is soluble in even 
faintly acid solutions ; one drop of nitric acid in 100 c.c. of water 
is enough to produce an absolutely worthless result ; and an 
excess of acid much less than this is still very prejudicial. The 
addition of a Httle sodium acetate to the solution after the final 
neutralising has a good effect. 

Arsenic in Mispickel. — ^Weigh up .250 gram of the finely- 
powdered ore, and place in a Berlin crucible about i| or i^ inch 
in diameter. Treat with 10 or 12 drops, one drop at a time, of 
strong nitric acid, warm very gently, but avoid much heating. 
Put on a thin layer of nitre, and rather more than half fill the 
crucible with a mixture of equal parts of soda and nitre. Heat 
quickly in the blow-pipe flame, and when the mass ^is fused and 
effervescing, withdraw and allow to cool. Boil out with water, 
filter and wash. Insert a piece of litmus paper and cautiously 
neutralise with nitric acid, using ammonia to neutralise any 
accidental excess of the acid. Add a gram or so of ammonium 
nitrate and silver nitrate in excess, neutralise again with ammonia 
and add two or three grams of sodium acetate. Filter off the 
precipitate, wash and titrate. In the fusion care should be 
taken to avoid much effervescence (an excess of the soda miti- 
gates this) and the operation should be stopped as soon as the 
whole has entered into fusion. 



COLOBIMETfilC DETERMINATION. 

There is, properly speaking, no colorimetric method, but the 
Following, which is sometimes used, is based on similar principles. 
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It ia usefnl for the determination of small quantities of diver in 
BubstancBS which yield clear solutions with nitric acid. 

Disaolve a weighed quantity of the substance in nitric acid, and 
dilute to a definite bulk. Divide into two equal parts. To one, 
add a drop or two of dilute hydrochloric acid, stir and filter. To 
the other, add a similar amount of dilute acid, and then to the 
filtered portion run in from a. burette standivrd silver nitrate 
(i CO. = 0.5 milligram silver) until the solutions are equally 
turbid. Calculate in the usual way. 



GOLD. 

Gold occurs in nature cliiefly as metal. It always contains 
more or less silver, and, in alluvial sands, ifec, may be associated 
■with platinum and iridium. 

Gold is insoluble in hydrochloric or nitric acid, but is dissolved 
by aqua regia or by solutions of iodine, bromine, or chlorine. It 
is taken up by mercury, forming an amalgam, from which the 
mercury may be driven off by heat. 

When gold occurs in particles of any size, it is readily detected 
by its appearance, but when finely disseminated through a large 
quantity of rock, it is separated and detected by the amalga- 
mation assay — described below — or by a process of washing 
somewhat similar to vanning', or by the following tost : — Powder 
and, if necessary, roast 50 to 100 grams of the ore, put on. it three 
or four crystals of iodine and enough alcohol to cover it; allow to 
stand for half an hour; a piece of filter paper moistened with 
the liquid and burnt leaves an ash with a distinctly purple 
tint if any gold ia present. It is better, however, to filter off 
the solution, evaporate, and ignite. Then, either take up with 
mercury, ond ignite the amalgam so as to get a speck of the 
metallic gold ; or treat with a few drops of aqua regia, and test 
the solution with stannous chloride : a purple coloration indicates 
gold. 

AMALGAMATION ASSAT.— This does not attempt to 
give the total produce of gold, but rather the quantity which can 
be extracted on a large scale; therefore it shouldimitateas closely 
as possible the process adopted in the mine or district for ex- 
tracting the metaJ. 

Take 2 lbs of the ore in powder and roast; make into a stiff 
paste with hot water and rub up for an hour or so with a little 
mercuiy. Wash off the sand carefully, and collect the amalgam. 
Drive off the mercuiy by heat, and weigh the residual gold. It 
is best to cupel it with lead before weighing. 
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a lot of ore which contained 0.189 gram 
of gold, 0.179 gi'si™ "8a obtained by the above process, equal to 
about 94-i per cent, recovered. With ores genei'ally, the yield 
f^ may be from 80 to go per cent, of the actu.1l gold present. 



DBY ASSAY. 

The dry assay of gold ores resembles in its 1 
dry assay for silver by the crucible method j e 
of importance in its discussion the student is referred to what is 
■written under Silver on pp. go-i 13. 

Size of Assay ChargQa. — Gold ores rarely contain more than 
a few ounces, often only a few pennyweights of gold to the ton ; 
consequently, the button of gold obtainable from such quantities 
of ore as may be conveniently worked by assaying methods ia 
often GO small aa to require more thfln ordinary care in its 
mampulation. One milligram, of gold forms a button of about 
the size of one of the full-stops on this page, and compared with 
a million similar particles of quartz (about four ounces), represents 
a produce of a quarter of an ounce to the ton : a proportion such 
as the assayer is frequently called on to determine. It is evident, 
therefore, that a charge of half an ounce or less of the ore, such 
aa is usual with silver ores, would demand of the worker both 
skill and care in the bun rilin g of the minute quantity of gold to 
be obtained from it. Fortunately the work is simple and precise, 
BO that in practised hands and with only a 5-gi'am charge the 
assay of a 5-dwt. ore is practicable ; with so small a charge, 
however, the result is barely perceptible on a. sensitive balance : 
the button of gold should be measured under a microscope. It 
follows, therefore, that larger charges of say 50, loo, or even 200 
grams, have an advantage in that they lessen the strain on the 
worker's attention, and, except in the case of the poorest mineral, 
bring the button of gold within the scope of the balance. On the 
other hand, the inconvenience of the larger charges lies in the 
amount of fluxes and consequent size of the crucibles required to 
fliUE them. 

Sampling. — A further consideration in favour of the larger 
charges is the matter of sampling. In preparing his ore, the 
student should ask himself what reasonable expectation he has 
that the poilion he puts in the furnace will be of average 
richness. The larger charges are likely to be nearei' than the 
smaller ones to the average of the parcel of ore from which 
they ore taken. In eaplanation of this, let us suppose a large 



L 



TEXT-BOOK OF ASSAYING. 

heap of S'dwt. ore, in sand of the coarseness of fuU-stops, and 
oontaming all its gold in particles of i milligram, as uniformly 
distributed as care and labour in the mixing can accomplish. 
Such a heap could not possibly occur in practice, but it will serve 
for purposes of illustration, Now, one ton of the sand, however 
taken, would contain appreciably the same quantity of gold bh 
any other ton. For a ton would contain about 8ooa particles of 
gold ; and even if two separate tons differed by as much as loo 
particles (which they are just likely to do), this would mean only 
a difference of i or z gi'ains to the ton. On the other hand, 
two portions of 14 Iba., which should coptain on the average 
50 particles of gold, are likely enough to diifer by 10 particlea, 
and this, calculated on a ton, means a difference of 1 dwt. It is 
easy to see that something like this should be true; for on 
calculating the 14-lb. lot up to a ton, the deviation from the 
average, whatever it may be, is multiplied by 160; whereas, if 
the ton were made up by adding 14-lb. lot to 14-lb. lot, up to the 
full tale, then a large proportion of the errors (some being in 
excess and some in defect) would neutralise each other. An 
average which is practicaHy true when dealing with thousands, 
and perhaps sufBciently exact with hundreds, would be merely 
misleading when applied to tens and units. Reasonable safety in 
sampling, then, ia dependent largely on the number of particles of 
gold in the charge taken, and the risk of an abnormal result is 
less, the larger the charge taken. 

By doubling the charge, however, we merely double the 
number of particles. Powdering finely is much more effective; 
for, since the weight of a particle varies as the cube of the 
diameter, halving the diameter of the particles increases their 
number eight-fold. If, now, we modify our illustration by 
assuming the particles to have only one-sixth the diameter of a 
full-stop (which would represent a powder of a fineneaa not 
unusual in ores prepared for assaying), we should multiply the 
number of particles by 200 (6 n 6 Jt 6 = zi6). We should then 
reasonably expect a 14-lb. parcel of the powder to give as safe a 
sample as a ton of the sand would give ; and portions of a size fit 
for crucible work, say 50 or 100 grams, would be as safe as 10 or 
ao-lb, samples of the coarser stuff. For example, 60 grams of 
such powder would contain, for a s-dwt. ore, about 100 particles; 
and in the majority of cases the error due to sampling would be 
less than 10 or iz grains to the ton, and would only occasionally 
exceed a pennyweight. With richer ores the actual deviatioa 
stated as so much to the ton of ore might be greater, but it 
would represent a smaller proportion, stilted in percentage of the 




gold actually present, and would ultimately fall within the litnita 
of unavoidable error. 

It will be seen that the size of the quartz particles has no 
direct hearing on the argument ; and, in fact, the coarseness of 
the (juavtz oiJy interferes by preventing the uniform mixing of 
the sand and by binding together eevei-al particles of gold : in this 
last case, particles so united must, of course, count as one larger 
particle, l^ow, there are some natural ores in which the gold 
particles are all very small ; with these fine powdering and 
mixing yields a product from which a sample may be safely 
taken. Then, again, in "tailings," before or after treatment 
with cyanide, we have a similar material, inasmuch iis the 
coarser gold has been removed by previous amalgamation. With 
these, it is not unusual to take the portion for assay without any 
further powdering, since they are poor in gold, and have already 
been stamped and passed through a sieve of say thiity holes to 
the inch (linear). 

But there are other ores, in lump showing no visible gold, 
which contain the gold in all possible degrees of fineness, from 
say prills of a milligi'am or so down to a most impalpable powder. 
The treatment of these cannot be so simple and straightforward. 
Suppose a parcel of looo grams (say a lbs.) of such ore in fi.no 
powder, containing on an average i particle of i milligram (the 
presence or absence of which makes a ditfei'ence of .6 dwt. on the 
ton), lo others of about ,5 milligram (each representing .3 dwt.), 
and too others, which are too coarse to pass through an So sieve, 
and having an average weight of .1 milUgram (each .06 dwt.), 
and that the rest of the gold, equivalent altogether to 2 ounces to 
the ton, is so finely divided that a, charge of 50 grams may be 
taken without any considerable risk of its interfering with the 
samphng. Then in a 5o-grain charge thei'e would be one chance 
in twenty of getting the milligram particle, in which case the 
result would be 12.35 "^^ts. too high ; on the other hand, if it 
were not present thti result would on this account be .65 dwt. toe 
low. Of the ten .5-milligram particles, it is as likely as not that 
one will be present, and its presence or absence would cause an 
«rror of 3.3 dwts., more op lees. Of the loo particles of ,1 
milligram, there would probably be froia 3 to 7, instead of 
5, the proper number; this would mean a variation of 2.6 
dwts. from the true proportion. So that the probable result 
would range about 5 dwts. more or less than the 2^ ozs., 
which is the true produce, and there are possibilities of astound- 
ing results. It is true that the majority of the results would 
be well within these limits, and now and again the heart of 
the student would be gladdened by a beautiful concordance in 
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duplicate aseajB ; nevertheless, there can be no' reasonable- 
expectation of a good assay, and to work in this way, on. a 50- 
gram charge, would be to court failure. The coarse gold must 
I'uin the assay. 

The difficulty may be met by concentrating the whole of the 
e gold in a small fraction of the ore, by sifting and making a 
separate assay of this fraction, A portion of the ore, of about 
1000 grams, is ground to a very fine powder and passed thi-ough 
an So sieve, re-grinding when necessary, until only 20 or 30- 
grams is left of the coarser powder. This is mixed with fliises 
and carrie<l through as a separate assay. The bifted portion is 
thoroughly mixed, and a portion of it, say 30 or 50 grams, taken 
for assay. The weights of the two portions must be known, and 
care must be taken that nothing is lost in the powdering. The 
method of calculating the mean result from the two assays is 
shown on page 109. In this way of working there is no advantage 
in continuing the grinding until the coarser fraction is reduced 
to a gram or so^i-ather the contrary; and rubbing on until all 
the gold is sent through the sieve is to be distinctly avoided. The 
student must bear in mind that what he is aiming at is the 
exclusion of all coarse gold from the portion of ore of which be is 
going to take only a fraction. 

The question of the smaller sampling of gold ores has been 
dwelt on at considerable length, as befits its importance, in order 
that the student may be impressed with a sense of its true mean- 
ing. Sampling is not a mystery, nor does the art lie in any 
subtle manner of division. It is, of course, absolutely necessary 
that the stufi' to be sampled shall be well mixed, an<l the fractions 
taken, so that each part of the little heap shall contribute its 
share to the sample. Moreover, it must be remembered that 
tossing about is a poor soit oE mixing, and that everything tend- 
ing to separate the large from the small, the light from the 
heavy, or the soft from the hard {as happens in sifting), must be 
avoided, or, if unavoidable, must be I'emedied by subsequent 
mixing. 

With a well-taken sample, we may rely on a great majority of 
our results falling within normal limits of error ; but nothing 
can be more certain than that, in a moderately large experience 
we shall get, now and again, deviations much moi-e consider- 
able. These erratic assays can only be met by the method of 
working duplicates, which call attention to the fault by discordant 
results. Such faulty assays should be repeated in duplicate, go 
that we may rest the decision on three out of four determinations. 

The likelihood of two very faulty assays being concordant is 
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remote; but with very impoitiuit work, as in selling parcels of 1 
ore, even this ri^k tihotild be avoided, as concordance in these 
cases is demanded in the reports of two or more assayers. The 
following actual i-eports on a disputed assay will illustrate 
this : (n) 5 oks. i dwt. ; (h) 5 ozs. 10 dwta. 12 gi'ains ; (c) 5 ozs. 
11 dwts. ; (rf) 5 ozs". II dwts. 12 grs. The mean result of 
Eveveral assays, unless there be some fault in the method, 
will be very fairly exact ; and individual assays, with an uncer- 
tainty of I in 20, may, by repetitioo, have this reduced to i in 
roo or less. 

Assay Tons, eto.^Havin" decided on taking a larger or 
smaller portion, the exact quantity to he used will be either some 
round number of grams, such aa 50 or 100, easily calculable into 
percentage; or it wUl be that known as the " Assay Ton " (see 
page 13) or some simple multiple or fraction of it, which is easDy 
calculable into ounces. The reports, too, are at leHst as often, 
made as ounces in the short ton of zooa lbs., as on the more 
orthodox ton of 2240 lbs. Sov the short ton is equal to 29,166.6 
troy ounces; and the corresponding "assay ton" is got from it 
by replacing ounces by milligrams. The advantage of its use is 
that if one nssay ton of ore has been taken, the number of milli- 
grams of gold obtained is also the number of ounces of gold in a 
ton of the ore, and there is absolutely no calculation. Even if 
half an assay ton has been taken the only calculation needed is 
multiplying the milligrams by two. On the other hand with a 
charge of two assay tons the milligrams need halving. Where 
weights of this kind {i.e., assay tons) are not at hand they may 
be easily extempoiised out of buttons of tin or some suitable 
metal, and it is better to do this than to an'ay out the grams 
and its fractions at each weighing. The sets of " assay tons," 
however, are easily purchased. As stated on page 13, the assay 
ton for 2140 lbs. is 32.6667 grams; and for the short ton, 
29.1667 grams. If, however, theround number of grams be used 
and the re.sult brought by calculation to the produce on loo grams, 
the convei-sion to ounces to the ton may be quickly effected by 
the help of the table on page 107. As this table only deals with 
the ton of 2240 lbs., it is supplemented here by a shortened one 
dealing only with (/te pj-otiwce 0/ 700 yriwis and stating the result 
in ounces troy io the short ton 0/2000 lbs. 

Estimation of Small Quantities of Gold. — Sy the Balance. 
In estimating minute quantities of gold there are one or two 
points, of importance to an assayer only in this assay, where they 
will often allow one to avoid the working of inconveniently large 
charges. One of these is known as " weighing by the method of 
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vibrfitions." Suppose a balance at rest in perfect equilibrium, 
with the pointer esactly over the middle point of the scale. Let 
the scale be a seriefi of points at eqnai distances along a horizontal 
line ; then, if a small weight be placed on one pan, the pointer 
will deviate from its vertical position and coma to rest opposite 
some definite part of the scale, which will depend upon the 
magnitude of the weight added. The law determining this 
position is a very simple one; the deviation as measured along 
the points of the scale varies directly as the weight added. For 
example, with an ordinarily sensitive balance, such as is used for 
genei-al piu-poses, one milligram will move the pointer along, say, 
three divisions of the scale; then two milligrams will move it six 
divisions ; half a milligram, one and a half divisions ; and so on. 
Of course, with a more sensitive balance the deviations will be 
greater. Now the point at which the needle comes to rest is also 
the middle point about which it vibrates when swinging. For 
mple, if the needle swings from the third to the seventh 
division on the right then [(7+3)^2] it will come to rest on the 
fifth. In working by this method the following conventions are 
useful : Always place the button to be weighed on the left pan 
of the balance, the weights on the right ; count the divisions of 
the scale from the centre to right and left, marking the former + 
and the latter — ; thus —5 is the fifth division to the left. Then 
the position of rest is half the algebraic sum of two i^eadings. 
For example, let the readings be 7 to the right and 3 to the left, 
then ( + 7 — 3)-^2= +2. The mean division is the second division 



GOLD. 1 24/ 

to the right. If the etudent will place himedf in front of a 
b&Unce and repeat the foUowing observations and replace the 
figures here given hyhia own, he will have no difficulty in grasping 
the method. First determine the hias of the balance; suppose 
the unloaded balance swings +1.35 and — i; the bias then is 
(1.25 — i)-i-2= +-125 or one-eighth of a division to the right. 
Now having put on the button to be weighed let the readings be 
4-7.5and +9.25, and (7.5 + 9.25) -^2= +8.375. Thentheeffoct 
of the button has been to move the pointer from +.12510 +S.375, 
or 8.25 divisions to the right; we should, therefore, add the 
weight equivalent of 8.25 divisions to the weights, whatever they 
may be on the right hand pan of the balance ; if the divifiions 
were to the left ( — divisions) we should subtract. The value of 
1 division is easily determined. Suppose the button in the ex- 
ample were a r milligram weight, then we should have found 
that I milligram = 8. 2 5 divisions .■. i division = . i a i milligram. 
This method of working adda very considerably to the power of a 
balance in distinguishing small qaantities. 

By the Microscope. — The use of the microscope also is a real ' 
advantage in estimating the weights of minute buttons of gold 
■where there is no undue risk in sampling, and where an error 
of say I in zo on the quantity of gold is tolerable. For ores with 
copper, lead, zinc, kc, as well as for tailings rather poor in gold, 
this leaves a wide field of usefulnes:^. The method is described on 
page 396, but the description needs supplementing for those who 
are not accustomed to the use of a. microscope. The eye-piece of 
a microscope (fig. 44a, A) unscrews at a, showing a diaphmgai 
at 6, which will serve as a support for an eye-piece micrometer. 
This last, B, is a scale engraved on glass, and may be purchased 
of any optical instrument maker, though it may be necessary to 
Bend the eye-piece to have it properly fitted. When resting on 
the diaphmgm it is in focus for the upper lens, so that on looking 
through the microscope, the scale is clearly seen in whatever 
position the instrument may he as regards the object being looked 
at. Suppose this to be a small button of gold on a shallow, flat 
watch-glass, on the stage of the microscope. Bring the button 
under the " objective " {i.e., the nose of the microscope), which 
should be about a quarter of an inch above the watch-glass ; then 
looking through the instrument, raise the tube untU the button 
of gold, or at least some dust on the glass, comes into focus. If 
the button is not in the field, rest the thumbs and index fingers, 
using both hands, on the edge of the watch-glass, pressing lightly 
but steadily, and give the glass a alow, short, sweeping motion ; 
the button will perhaps appear as an ill-defined blackness, because 
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not qwite in focus. Bring this into the cenire of the field, 
Baise or lower the microscope until the button appeai-.s with 
sharp outlioes. IE the scale does not cover the button, rotate the 
eye-piece; this will biiog the scale intoaaew position. Since the 
divisions over the button are less distinct than the others, it is 
best to read the latter. Thus, in fig. 44S, there are 36 divisions 
on one side of the button, and 35 on the other, making altogether 
7t. The whole scale is 80, therefore the diameter of the button 




is 9 divisions. The value of each division obviously varies with 
the magnifying power employed. With most microscopes there is 
a telescopic arrangement whereby the tube may be lengthened ; 
if this be done and the button again brought in focus, it will be 
seen that, as measured on the scale, the button is much larger 
than before. It is evident, therefore, the micrometer must 
always be used in the fame way. The method given in the ap- 
pendix (page 396), for finding the value of the scale when gold 
buttons are to be measured is easy and satisfactory. When the 
button of gold ia bo small that there is considerable risk of losing 
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1 tranBf erring' to a watch -glass, it may be measnred on the ' 
F Qupel, but for this pui'po^ie it muBt be well Uluuiinuted ; this is 
beat done by concentrating 
light on it with a lens, or 
■with what conies to the 
«ame thing, a clean tiiLsk 
filled with water. 

Most assayers, however, 
xwing a micrometer in this 
way, would like to know its 
Absolute value. To do this, 
a. stage micrometer must l>e 
purchased. This is like (\n 
■ordinary microscope slide 
(fig. 44a, C), and when 
looted at through a miero- 
Kcope it shows {fig. 44c) 
lines ruled on the glass at 
distances of tenths and 
hundredths of a millimetre, 
ten o£ each, so that the full 
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of the scale 
, therefore i divi- 
ibe of this diameter would contain 
(.0183 X .0183 X.0183) 
.0000061 285 cubic mm. 
The coiTesponding sphere 
is got by multiplying by 
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be multiplied by i 

gives .0000616 milligram 

as the weight of a sphere 

of gold measuring i divi- 

If every result had to 

be calculated in this way 

the method would be very 

I laborious ; but, having the figures for the first division, those 

I of the others may be calculated by multiplying by the cube of 
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the corresponding numLer. Thus, for the third diviainn 
(3>t3X3 = 27), the content of the cube (.ooaaa6i28s x 27) is 
J1655 cb. mm.; the content of the sphere (.000003209x27) 
IS .0000866 cb. mm. ; and the coi'respondiug sphere of gold 
(.0D00616 X 27) is .00166 milligram. With the help of a table of 
cubes the whole calculation for 25 or 30 divisions may be made in 
half an hour, and the results preserved in the form of a table will 
simplify all future work. 

Assay Op oration a. ^The actual wovk of the assay re.^olves 
itself into three operations : — (i) The fusion of the ore and con- 
centration of the " fine metal " (i.e., gold and silver) in a button 
of lead ; (a) The cupellation of the lead, whereby a button of fine 
metal is obtained; and (3) the "parting" of the gold which 
separates it from the accompanying silver. The following descrip- 
tion takes the order as here given, hut the student, in learning 
the method, should first practise cupellation if he has not already 
done so : next he should practi.'e the separation of gold from 
silver, taking known weights of tine gold (p. 63), varying from .g 
or .3 gram down to quite minute quantities, and not resting 
satined iintil a sensitive balance can barely distinguish between 
the weights of gold taken and found. It may be noted here 
that if he has not a flatting mill at his disposal, then for large 
buttons it is better to make an alloy with eight or nine parts 
of silver to one of gold, and attack it with acid without pre- 
vious flattening, rather than accept the risk and labour of heating 
out a less easily attacked alloy to the necessary thinness 
with a hammer. It ia only after a sense of security in gold 
parting has been acquired, that the attack of an ore can he 
profitably accomplished, and even then simple and easy ores 
should he iii'st taken, passing on to others more difficult, either 
because of a more comples mineral composition or a dilficulty in 
sampling. 

Concentration of the fine Metal in Lead. — The best flux 
for quartz, which makes up the earthy matter of most gold ores, 
is soda, and this is best added as carbonate or bicarbonate. By 
theory,* 50 grams of quartz will require 88.5 grams of the 
carbonate, or 140 grams of the bicarbonate, to form sodium 
silicate, which is a glassy, easily-fusible substance, making a good 
slag. If the bicarbonate is used, and heat is applied gradually, 
steam and carbonic acid are given off at a comparatively low 
temperature, and the carbonate is left ; at a higher temperature 
(about 800' C, or a cherry-red heat) the carbonate fuses attack- 



iag tfae qnarte, itnd giving off more carbonic acid ; as the heat 
increases, and the attack on the quartz (which of itself is in- 
f Duible) becomes i^uinplete, the whole mnss settles down to a liquid 
sodium silicate, n-liich is sufficiently fiuid to allow the gold and lead 
to settle to the bottom. The flnid slag does to a certain estent 
dissolve some of the crucible, but not seriously. In a perfect 
working- of this experiment, the first evolution of gases (steam 
and carbonic acid) should be gentle, so as to run no risk of its 
blowing the fine powder out of the crucible ; and the heat at 
ivhich the second evolution of carbonic acid is produced should be 
maintained until the reaction is completed, so that there may be 
little or no formntion of gns in the fused uinss to cause an 
efiervescence which may force some of the charge over the edges 
of the crucible. Of course, in practice the ideal fusion is not 
attained, but there is no difficulty in approaching it closely 
enough to prevent the charge at any time rising above the level 
it reached at first in the crucible, and this should be accomplished. 
It is usual with quartwise ores to rely mainly on the action of 
carbonate of soda, but not entii'ely. Litharge is abo used ; it 
forma, on fusion with quartz, a silicate of lead, which is a yellow 
glass, easily fusible, and more fluid in the furnace than silicate of 
^oda is. By theory, 50 grams of quartz would require 186 grams 
of Ktharge." The i-eaction takes place without evolution of gas, 
and in its working the only point is to so regulate the heat that 
the litharge shall not fuse and drain under the unattacked 
quarts, leaving it a» a pasty mnt« on the surface. Now, if in 
making up a charge for 50 grams of ore, we took 100 grams of 
bicarbonate of soda (equivalent to about 63 grams of the 
carbonate), this being live-sevenths of 140 grams (which by itself 
would be sufficient), leaves two-sevenths of the quartz to be fluxed 
by other reagents : two-sevenths of 1 86 grama (say 52 grams) of 
litharge would serve for this purpose. But if we used 10 grams 
of borax, which has a Auxing action about equal to that of the 
litharge, then 40 grams of the latter, or (making an allowance for 
the quartz being not quite pure) say 35 grams, will suffice. The 
flaxes, then, for the 50 grama of ore would be ; bicarbonate of 
soda 100 grams, litharge 35 grams, and borax to grams; we 
could decrease any of these, and proportionately increase either 
or both of the others, and still rely on getting a fusible slag, 
which is the whole of the function of a flux, considered simply as 
a flux. It should be remembered, however, that the slag is a 
bi'Silicate or acid slag, nnd that its acid character is increased by 
increasing the proportion of boras. 

* PbO + SiO, = PbSiOj. 



But in addition to the (luxes there ia required nbont 30 -^^ 
40 grains of lead to collect the silver and gold. This ir best 3dd^< 
JIB litharge (say 40 grams) and flour (4 grams), or charcoal powd« 
(2 grams). See pages 93 and 94. The full charge, then, would 
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" 50 er^mi 

Bicarbonate of ^iMl.i 100 „ 

Li'linrge 75 .. 

Borax 10 „ 

rioar 4 „ 

These should be mixed, placed in asuitablecrucible (a G Bat 
round, will do), and heated, at first at a red heat, but finally, 
hotter, so as to get a fluid and clean slag. Wheu the chi 

a tranqiiil fusion for some little time, take it out 
it into an iron mould. When cold, detach the button of 
The slag should be glassy, ftU through alike, and easily separabiB 
from the metal. With ordinary oies, this slag may be considered 
as free from gold. In an experiment in which 90 milligrams of 
gold were added, the full a.mount was obtained fitim the lead pro- 
duced by the first fusion. But in certain cases, more especuU; 
where large amounts of metallic oxides are present, the slag b 
not so clean, and with these the slag should be powdered, mixed 
with 40 grams of litharge and 4 of flour, and melted again ; it ia 
an advantage to add a small prill of say 2 or 3 milligrame of 
silver to the charge, as it insures a visible product in the cupella- 
tion. Indeed, this last precaution is a good one to be taken 
wherever there is reason to expect very small buttons. It has 
the further advantage, that, if the quantity of silver necessary 
for inquartation is kr.own, the right quantity may be added here, 
so as to save a suKsequent operation. 

Ores containing Oxidas of Iron. — Of the metallic oxides 
likely to be present in a slag, oxide of iron is the most important. 
Gold is occasionally found in a matrix of this substance, and in 
the assay of "concentrates" largely made up of py lit as, this oxide 
will be formed in the preliminaiy calcination. Now. the lower 
oxide of iron (ferrous oxide, FeO) is easy to deal with; fused 
borax will dissolve about its own weight of it, and a Bilicate of 
soda (such as makes up the bulk of a slag in a gold assay) will 
take up at least half as raucli. But the higher oxide (ferric oxid^ 
FPjOj) is more refractory ; even 6 parts of borax yields a pOM 
product, and slags with any considerable percentage of it are not 
satisfactory. A student attempting to recover gold from some 
hiematite (in which there wa.s about half an ounce of the metal), 
found in the slag nearly a gram of gold, although in the first 



fnsion the slag appeared perfectly fluid. There is, however, qo 
■difficulty in getting good slags, even, with large quantities of iron. 
Por example, with 50 grams of ferric oxide, 10 of quartz, 30 of 
boras, 30 of Boda,* 50 of litharge, and 7 of flour, the result was 
quite satisfactory. Ho, too, was 25 of quartz, 50 of soda, 50 of 
litharge, and 7 of flour. It is well, however, in such cases to have 
an ample proportion of flux and to aim at a larger button of lead 
than usual by increasing the proportion of flour or chareoal (see 
also page 91). A charge u:'ed on the Randt for roasted "con- 
■centratea " (which we may roughly speak of as quartz and ferrio 
oxide), is one assay ton (about 30 ^rams) each of ore, «oda, and 
iK)rax, and one and a half assay ton of litharge and 2 grams of 
charcoal. Whilst, for the same material, from which most of the 
gold has been exti'acted by " chloridisSng," 3 5 tons each of ore, 
borax, and soda, 4 of litharge, and 4 grams of charcoal are needed. 
This quantity requires a large ciucible (I Battersea, round). In 
this the proportion of silicate of soda and boras counted together 
is to the oxide of iron as 4 to 1, on the supposition that the 
quartz and oside of iron of the ore are in about equal quantities; 
but, in the larger charge especially, much oxide of lead would also 

Ores containing Sulpbides. — In assaying ores containing a 
large proportion of pyrites or mispickel, or both, the beet plan is 
to take a portion and calcine so as to convert it into a product of 
the kind just considered. The weighed portion of ore should be 
placed it) a clean crucible and be heated to incipient redness : with 
pyrites the first effect is to drive off about half the sulphur as 
vapour which burns as flame over the ore. At this stage care 
should be taken that there is no great increase of temperature, 
otherwise there may be more or less fusion, which would spoil the 
operation. When the sulphur flame ceases the solid sulphide of 
iron burns with visible incandescence and the charge should now 
be stirred with a flattened ii'OQ rod so as to expose fresh portions 
to the air. The top of the furaace must be open, so that air may 
have free access to the crucible. When stirring is no lonj 
followed by visible burning the heat maybe mised to full redne 
The crudble is then lifted out (the stirrer still resting in it) a 
if the charge gives off no odour of hui-ning sulphur it is shaken 
out into an iron mortar and mixed with the fluxes, taking care to 
clean the stirrer in the mixture. The charge is then replaced ii 
the crudble in which the roasting was done and fused in th 
furnace. The resulting button of lead is cupelled for fine metal. 
Ores rich in sulphides requiring this treatment are frequently 
1 this article when a flax U spoken of as soda 
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" eoncentratea." For their assay take i assay ton (30 gnuns), 

calcioe and mix with an equal weight of soda and of bonu; 
(30 grains each), and half as much again of litharge (1.5 tons 
OF 45 grams), and vith a grams of charcoal or 5 grama of 

Where the sulphides ai-e present in smaller proportion (ic 
cent, or less), they may be taken as serving the purpose of floor 
or charcoal (see page 95) ; the sulphur and iron are oxidised at the 
expense of the litharge with a, consequent separation of lead ta 
metal. If the proportion of sulphides is not sufficient to g 
large enough button of lead, some charcoal or flour should b& 
added. On the other hand, if they are in small excess and gives 
button of lead somewhat t-iilphury, i.e., hard and biittle, it tmj 
be remedied by the judicious addititin of nitre ; this last reagent, 
however, should not be used in large quaotit}'. A plan much 
used to prevent sulphury buttons is to insert an iron rod or » 
nail in the charge in the crucible ; the iron takes the sulphiir 
forming sulphide of iron which in modenite quantity does not 
form ft separate layer of matte but dissolves in the slag. A sbg 
formed of 50 grams of quartz, 100 soda, and some borax, may take 
up in this way some 10 or 12 grams of sulphide of iron. It 
i gives a layer of matte or speise, it is best b 
repeat the assay by the method of calcining before fusion. 

Cyanide ChargsB, etc. — -In assaying the "tailings" whiA 
are to be treated in a cyaniding plant the following chargeia 
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The sand is assayed without any further crushing and the assay 
made in duplicate. 

The residues after treatment with cyanide, difl'ering from t 
tailings merely in being poorer in gold because of the extraction 
by the solution of cyanide, are run down with the same fluxes in 
the same relative proportions. But four charges of 2,5 assaytons 
(say 75 grams) are worked, and two of the resulting buttons are 
Bcoritied together and then cupelled, etc., so as to gi\-e duplicate 
assays on charges of 5 assay tons. This is one of the eases in 
which it is desirable to add a small portion of silver before 
cupelling. 

In assaying the " cyanide liquors " for gold, 2 assay tons of the 
liquor are measured out (58.3 c.c. for the ton of 2000 lbs., 65.3 c.e 




for the other) and are ecRpoi'ated to dryness in a lead dish 
weighing about 35 grams. Such a dish is easily extemporised out 
of a piece of lead foil, if the ordinary vessel is not at hand ; but 
care must be taken that the lead is free from gold. The dish with 
the dried residue is then scorified and the resulting button of lead 
is cupelled. 

In some cases the fusion of the ore may be repUced by a 
treatment with solution of cyanide of potas- 
sium and the gold recovered from the solu- 
tion in the wa,y just described. For thi.s 
purpose the ore should be in not too tine 
powder, otherwise there will be great diffi- 
culty in filtering ; a sand which will pass a, 
30 sieve and having no large proportion of 
very fine stu£f will do. Not lesa than zoo 
grams should be taken; and as ao extrac- 
tion apparatus a bell jar capable of holding 
half as mucii again may be used. Such a 
jar may be extemporised by cutting off the 
bottom of a bottle by leading a crack around 
it with a red hot poker ; or a lamp chimney 
will serve the purpose. The smaller mouth 
of the jar ia closed by a perforated cork pro- 
vided with a clipped tube after the manner 
of a burette (see fig. 44^). In the jar, just 
over the cork, put a plug of loose asbestos 
or glass wool, or a piece of sponge to act as a filter; a layer of 
broken glass, coarse at the bottom and fine at the top, will serve 
the same purpose. On this, place the charge of ore to be 
extracted. Prepare a solution of cyanide of potassium in 
water, with 5 or 10 grams of the salt to the litre. It may 
bo that the whole point of ihe assay depends on the solution 
being of a definite strength ; as, for example, where the 
relative efficiency of solutions of different strengths is being 
determined, when it will be best to estimate the quantity of 
cyanide of potassium in the dilute solution by tbe method given 
at the end of this article (page 139). Pour the cyanide solution on 
to the ore, letting the first portions to come through run into the 
beaker, but as soon as the ore is thoroughly wetted close the clip 
and aUow to stand for several hours. Then, opening tbe clip, run 
throug-h more cyanide solution and then water, so as to wash the 
gold-carrying liquor thoroughly into the beaker. It is no matter 
if the liquor is a little bit turbid ; transfer it to a lead dish, 
evaporate, scorify, and cupel in the usual fashion. 




Fig. 44rf. 
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"Ri^ tiss&v ot goM-cinc ^imes, which is the precipitate Formed hf 
tine Ai.'ting on fTuitd« sofanicNis id ^d may be tsade hy wrapping 
2 or 3 grams in 40 gruns oS slieet lead and scoiitying, cupelling, 
etc The*motmtof iinpari^ in the stuff Tariea greatly; it is usu&llx 
cnlciiied and anxad dMro^jUy with soda 4a per cent., bams 30 

¥fT CMit.. «nd suad 10 par eokt.. and melted in graphite pofei. 
h« buttons of baffion obttttsed are afterwards remelted 
with boras and nu into bars, the fineness of which varies 
from 600 to S30 tbu wM ui d fta. The baj^ are sampled bf 
chippiu); off dtagonaDv (^wwte oorners ; or better, by drilling, 
' ' • ahilings beutg fraed from pieces of steel with the help of * 

>«Uktioa.-^n« cnpeOataon a! gold resembles in all 
«1 Nfttuns that at aiva, bnt shou'.d be effected at 1 
<trh»t fais^MT tanpcntton. first, because it is more diS 
cult t« remoT« copper &n^ gold than it is from silver; and 
•noomtly. beeattse » hi^ teBperMare has no ill effect, the loa ti 
sold iiiViit^Utiati bttng ao s»aU tiiat it need not be cousiderei 
It )N about 0,7 per loaa, and is nearly balanced by the Bilrar 
rett^ufMi Kf t«r mrcing. Tbs quantity of lead required in the capel- 
Ifttion of a itola-ooppw alloy is just twice that required for ihft 
oorrMponding silv«r«oppar aDoy. The bottoa left on the cupel 
will oont-nin th« gold and silver of the ore, together with, in 
Mirtain oasos, plaUnan or indinm. If the button shows a jqIIdv 
colour, it oontains more than 50 per cent, of gold. It must be 
cltMiitttl and weighed. I^mts is no fear of a button spirting if it 
(tontains mora than one^hird gold. 

Pipting.^The prooess of " parting " depends upon the soluU- 
Uty of Hlv«r,antl ta« insolubility of gold in nitric acid. An alloy 
of thM* two mHals will yield all its silrer in solution, ajid aQ di& 
Bold in tha t«sdu« whoi acted on by hot nitric add, prorided 
that thn alloy from whidi tit« fdlver has been dissolved out ii 
auitifiQiitIv porous to allow tl>e acid to get at the innermost por- 
tiima, Till* is not the nee with alloys very rich in gold; for if 
the dtild esw*d« ,^0 per «nt, of the button, it will, aft«r treat- 
moiit with nitric add, main an apgr^ciable proportion of alver. 
Tlin alloy bwt adapted for parting will give up practically the 
whiilo of iw silwr, and leav« the gold in a mass suffidently ooba;- 
oiit to hfaT tmnsft»mng and hoiling without breaiing up. If too 
much ailTW ia ptvseiit, the gold will be left as a powder, which is 
dillloult to handle without losa. An escess of silver has no other 
diitad vantage. Tho alloy most convenient for the purpose ia au 
containing 3.5 i>artt i^sihtr to i part ofgolii. 

ProlimiiMViy to putinjc, the button is flattened by 




inff or rolling in the "Matting" mill (fig. 45). With big buttons 
special care must be taken not to contiaua the hammering o 




g till the metal becomes biittle. 
by occasionally hc^ating the button 
jiiat to I'edness on a piece of char- 
coal before the blowpipe. The 
button thus annealed will have 
recovered its softness. The flat- 

[ tenad button should be annealed 

\ before parting. 

The parting is made in an or- 
dinary test-tube, which must be 
clean. About one-third fill the 
test-tube with a dilute nitrio acid, 
made by diluting i volume of ■ 
strong acid with 3 volmces of 
water. Heat nearly to boiling, 

and drop in the button. Keep at this temperature for ten or 
fifteen minutes by supporting on a aandbath or hot plate. Pour 
off the acid, and add a similar volume of stronger acid, made by 
adding I volume of strong acid to i volume of water. Boil for 
several minutes. Pour off the acid, and fill the tube with dis- 
tilled water; pour off the water, carefully watching the gold. 
Completely fill the tube again with water, and cover it with a 
porous " cup." Invert so as to bring the cup under, with the test 
tube standing mouth down in it. The gold will quietly drop 
through the water into the crucible ; when it has settled, remove 
the crucible under water. Drain off the water in the cup, dry 

' carefully, and ignite until the gold changes from a dark to a 
yellow colour, or until the outside oE the crucible is about red hot. 
Cool, invert the cup over a watch glass, and weigh the button 
of gold. The parting and ignition may be oonvenieatly made in 
a small Berlin dish. The nitric acid and water used must be freo- 
from chlorides ; tbey can be rendered so by adding a few c.c. 
of dilute nitrate of alver solution, allowing the precipitate to settle^ 
and using the clear liquid. 

If the button of gold weighs more than one-third of the alloy 
before "parting," it will contain silver. It will then be neceesari 
to repeat the process, first alloying the gold with a sufficiency o 
silver. This process of making an alloy for parting is called " in 
quartation." Weigh up the required amount of fine silver (a^ 
parts for each part of gold), wrap the silver and gold together in 
I gram of sheet lead, and cupel. The incorporation of the silver 
is effected by simple fusion before the blowpipe on a piece of char- 
coal ; but if tbe quantity ia over a few milligrams, cnpellatioi 
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irith sbeet lead must be iised.* This button, after flattening and 
annealing, must be parted. The resulting gold will be free from 

In the case of ores in which the produce both of gold and silver 
is approximately known, the quantity of silver requisite for inquar 
(ation is added either in the crucible In the first fusion, or to the 
button of lead when cupelling. If the ratio of gold to silver is 
approximately known, but not the quantity in the ore, then tfae 
re<juisite quantity of silver should be calculated from the weight 
of the button of fine metal obtained, and cupelled with it without 
a preliminary parting. For example : — If the fine metal of an 
ore is known to contain 80 per cent, of gold, and the button from 
an as.'iay weighs 10 milligrams, then the quantity of gold present 
IB 8 milligrams. The quantity of silver required (being 2.5 to i 
of gold) is 8 X 2.5 = 20 milligrams ; of these 2 are Eilready present 
in the button, leaving 18 to be added. 

In the determination of gold in bullion, half a gram of the allo^ 
is taken and fused on a cupel with sufficient silver to make the 
parting alloy, and 4 grams of lead. If, however, the buUioo 
is coarse and contains much copper, a larger quantity of lead muet 
be used. When the cupellation is finished, the resulting button 
is cleaned and ilattened with a few blows from a hammer. Heat 
nearly to redne.ss, and then roll, with occasional annealing into a 
long narrow strip. This strip should have a smootli 
" wire " edge ; if the edge is rough or cracked, it ii 
better to start afresh. Wrap up in a coil (comet) 
by folding around a pencil or glass rod. Take a 
3-ounce parting flask (fig. 46) containing abont 
40 c.c. of dilute nitric acid (i to 3), and heat nearly 
to boiling ; then introduce the alloy and continne 
the heating for about ten minuteM. It is best to do 
the heating by resting the flask on a small rose- 
burner. A stronger acid, if used at first, would 
cause too violent an action, and tear off particles of 
gold from the comet. Dilute with distilled water, 
and decant off the liquid; add 25 c.c. of stronger 
nitric acid (i to i), and boil gently for 10 or 15 
minutes. Dilute and decant oflf the acid, wash with 
water, fill the flask, and transfer the gold to a porous 
crucible. Dry cautiously ; heat nearly to redness, and weigh. 

After parting, the gold retains a very small quantity of silver 
known as the "surcharge " ; so that when very great accuracy is 

• On meltlDg together silver ai 
falls to the bottoia, where it leim 
a silver. 







Fio. 46. 



Toqtiii'ed the system of working with "checks" is adopted. With 
rich alloys the " surcharge " may amount to half a degree of fine- 
ness, or o'oj per cent. It is to a certain extent counterbalanced 
by the cupeliation loss, and in alloys containing much copper, and 
which consequently require more lead in the cupeliation, the loss 
may exceed the gain due to the retained silver. In working with 
cheeks an amount of fine gold (aa nearly as possible equal to that 
in the assay) ia mixed with the necessary quantity of other metals, 
and treated in exactly the same way from the start to the finish. 
If the gold left after parting the "check" weighs more than the 
fine gold taken, the excess is deducted from the weight of the gold 
got in the assay ; and, conversely, if it weighs less, the deficiency 
is added. In working with checks it is of importance that the 
standard gold be paid. 



^B POTASSIUM G7ANIDE. 

Alkaline cjanide3 are so lar^elj used for the extraction of (ca!d, and 
(apart Irom this nee) are so rarelj tested tiy the aasayer, tbiC the mttbod 
for estimating them maf properl; be given here. It in cuEtomsT; to iitat« 
the richness of a salt or solntion in parts par cent, of potassium cyanide, and 
this ia done even when only the sodium salt is presEnt. The method of 
8S(A}' adopted is that of adding a standaTd solation of silver nitrate (con- 
taioing 13.076 grama of the pure salt to tbe litre), to a measured quantity 
of the cyanide solution (lo or zo o.c), until the first faint permaneat 
precipitate is formed. This forma tbe point at which the proportion of 
170 parts of silver nitrate to 130 uf potassium cyanide has been just over- 
stepped;* 100 CO. of the silver solution, therefore, are eqnivalent to 
I gram of potassiom cjanide ; and 10 c.c, of a .5 % solntion of cyanide 
would require s C.C. of the silver solution ia its titration. A small burette 
should be vised graduated into teoths of a c.c With very dilute cyanide 
eolations tbe silver solution may with advantage be dilated to one-tenth 
its strength. 

Tbe cause of the precipitate whioh marlcs the end of the reaction Is 
that silver nitrate, in the absence of "free " potassium cyanide, attacks tbe 
double cyanide [KAg(CN),] forming insoluble silver cyanide. + If, however, 
a little potassium iodide ia present, silver iodide is formed instead, and ii 
many circumstances is a better indicator than the cyanide precipitate. Ii 
any case the solution mast be alkaline. 

The instructions then are: — Take 10 o.c. of the aolotion, transfer ti 
B small clean Sask, add a little dilute ammonia and a drop or two 
potassium iodide solution. Run In the standard silver till the liquor i' 
faintly turbid. Each c.c. = .1 % of KCN. In assaying the salt, weigh 
up 5 grams, dissolve in water, dilute to 250 o.c, and shake up. Take 
50 c.c. of the clear liqnor for the assay; the o.c. multiplied by 3 give the 
percentage. 
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PLATINUM. 



itB associated with 
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Platinum occurs in nature in alluvial deposits 
gold and Eome rare metals, generally in fine metallic grains, and, 
occasionally, in nuggets. It is a grey metal with a high specific 
gravity, 21.5 when pure and about 18.0 in native specimens. It 
is fusible only at the highest temperature, and is not acted on by 

It is dissolved by warm aqua regia, forming a solution of 
"platinic chloride," H,PtClj. This substance on evaporation re- 
mains as a brownish red dehquesceut mass; on drying at 300° C. 
it is converted into platinouB chloride, FtCl,, and becomes insoluble, 
and at a higher temperature it is converted into platinum. All 
platinum compounds yield the metal in this way. Platinic 
chloride combines with other chlorides to form double salts, of 
which the ammonic and potassic platino-chlorides are the most 
important. 

Platinum alons is not soluble in nitric acid; but when alloyed 
with other metals which dissolve in this acid it too is dissolved ; 
so that in gold parting, for exan^)Ie, iia platinum was present, 
some, or perhaps the whoTe of it would go into solution with the 
silver. Such alloys, however, when treated with hot sulphuric 
acid leave the platinum in the residue with the gold. 

Platinum is detected when in the meta,llic state by its physical 
characters and insolubility in acids. In alloys it may be found by 
dissolving them in nitric acid or in aqua rcgia, evaporating with 
hydrochloric acid, and treating the filtrate with ammonic chjorida 
Mid alcohol. A heavy yellow precipitate mai'ks its presence. 

The assay of bullion, or of an alloy containing platinum, may 
be made as follows : Take o.z gram of the alloy and an equal 
weight of fine silver, cupel with sheet lead, and weigh. The loss 
in weight, after deducting that of the silver added, gives the 
weight of the base metals, copper, lead, &c. Flatten the button 
and part by boiling with strong sulphuric acid for several minutes. 
When cold, wash, anneal, and weigh. The weight is that of the 
platinum and gold. The silver may be got by difierence. Be- 
cupel the metai thus got with iz or 15 times its weight of silver, 
flatten and part the gold with nitric af id in the usual way (see 
under Gold), and the platinum will dissolve. The gold may coo- 
tain an alloy of osmium and iridium ; if so, it should be weighed 
and treated with aqua regia. The osmiridium will remain as an 
insoluble residue, which can he separated and weighed. Its weight 
deducted from that previously ascertained will give the weight of 
the gold. 






MERCL'ET. 

When the platmum only is required, the alloy must be dissolved 
by prolonged treatment with aqua regia, the solution evaporated 
to dryness, and the residue extracted with watei'. The solution 
thus obtained is treated with amnionic chloride in large excess 
and with some alcohol. A sparingly soluble* yellow amnionic 
platinum chloride is thrown down, m.ixed, perhaps, with the corre- 
sponding salts of other metals of the platinum group. Gold will 
be in solution. The solution is allowed to stand for some time, 
and then the precipitate is filtered ofT, washed with alcohol, 
dried, and transferred {wrapped in the filter paper) to a weighed 
crucible. It is ignited, gently at first, as there is danger of vola- 
tilising some of the platinum chloride, and afterwards intensely. 
With large quantities of platinum the ignition should be per- 
formed in an atmosphere of hydrogen. Cool and weigh aa 
fuetaUio platinum. 

IMDIUil 

Occurs in nature alloyed with osmium as osmiridium or iridos- 
mine, which is " rather abundant in the auriferous beach sands 
of Northern California" (Dana), It occurs in bright metallic 
scales, which do not alloy with lead, and are insoluble in aqua 
regia. Iridium also occurs in most platinum ores, and forma as 
much as two per cent, of some commercial platinum. In chemical 
properties it resembles platinum, but the ammonic irido-chloride 
has a dark red colour, and on ignition leaves metallic iridium, 
which does not dissolve in aqua regia dOuted with four or five times 
its volume of water and heated to a temperature of 40° or 50° C. 
The other metals of the platinum group are Palladium, Rhodium, 
Osmium, and Ruthenium. They differ from gold, platinum, and 
iridium by the insolubility of their sulphides in a solution of 
sodium sulphide. Palladium is distinguished by the insolubility 
of its iodide ; and Osmium by the volatility of its oside on 
boiling with nitric acid. 

MERCURY. 

Mercury occurs native and, occasionally, alloyed with gold 
or silver in natural amalgams; but its chief ore is the sulphide, 
cinnabar. It is comparatively rare, being mined for only in a few 
districts. It is chiefly used in the extraction of gold and silver 
from their ores (amalgamation) ; for silvering mirrors, &c. 

Mercui-y forma two series of salts, mercurous and mercuric, 
but for the purposes of the assayer the most important property 
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is the ease with which it can be reduced to the metallic Bt&te 
from either of these. Mercury itself is soluble in nitric acid, form- 
ing, when the acid is hot and strong, mercuric nitrate. Cinnabar 
is soluble only in aqua regia. Mercurous salts are generally 
insoluble, and may be converted into mercuric salts by prolonged 
boiling with oxidising agents (nitric acid or aqua, regia,). The 
salts of mercury are volatile, and, if heated with a reducing agent 
or some body capable of fixing the acid, metallic mercury is gives 
off, which may be condensed and collected. 

Mercury is separated from its solutions by zinc or copper, or 
it may be thrown down by stannous chloride, which, when in 
excess, gives a grey powder of metallic mercury, or, if dilute, ft 
white crystalline precipitate of mercurous chloride. Nitric aoid 
solutions of mercury yield the metal on electrolysis ; and, if tha 
pole on which the metal comes down be made of gold or coppw, 
or is coated with these, the separated mercury will adhere thereto. 
It may then be washed and weighed. 

The beat testa for mercury nest to obtaining globules of the 
metal are; (i) a black precipitate with sulphuretted hydrogen 
from acid solutions, which is insoluble in nitric acid; and (a)* 
white precipitate with stannous chloride. 

DBT METHOD. 

Weigh up 5 grams, if the ore is rich, or lo grama, if a poonr 
mineral. T^e a piece cf combustion tube from i8 inches tc 
2 feet long, closed at one end, and place in it some powdered 
magnesite, so as to fill it to a depth of 3 or 3 inches, and on that 
a layer of an equal quantity of powdered lime (not slaked). Miic 
the weighed sample of ore in a mortar with 10 grams of finely 
powdered lime and transfer to the tube ; rinse out the mortar 
with a little more lime, and add the rinsings. Cover with a 
layer of six or seven inches moi'e lime and a loosely fitting plug 
of asbestos. Draw out the tube before the blowpipe to the shape 

shown in fig. 47, avrad- 

ing the formataon of a 
ridge or hollow at the 

bend which might col- 

FiQ. 47. lect the mercury. Taf 

gently, holding the tube 
nearly horizontal, bo as to aUow sufEcient space above the mix- 
ture for the passage of the gases and vapours which are formed. 
Place the tube in a " tube furnace," and, when in position, place 
a small beaker of water so that it shall just close the opening of 
the tube. The point of the tube should not more than touch 
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the surface of the water. Bring the tub^ gradually to a red heat, 
commencing by heating the lime just behind the asbestos plug, 
«.nd travelling slowly beickwards. When the portion of the tube 
containing the ore has been heated to redness for some time the 
heat is carried back to the end of the tube. The magnesite 
readily gives up carbonic add, which fills the tube and sweeps the 
mercury vapour before it. Some of the mercury will have dropped 
into the beaker, and some will remain as drops adhering to the 
upper part of the neck. Whilst the tube is still hot cut oiBf the 
neck of the tube just in front of the asbestos plug (a drop of 
water from the wash bottle will do this), and wash the mercury 
from the neck into the beaker. The mercury easily collects into 
« globule, which must be ti^sf erred, after decanting off the bulk 
of the water, to a weighed Berlin crucible. The water is removed 
from the crucible, first by the help of filter paper, and then by 
•exposing in a desiccator over sulphuric acid, where it should 
be left until its weight remains constant. It should not be 
warmed. 

JSxample : — 5 grams of an ore treated in this way gave 4.265 
^rams of mercury, equivalent to 85.3 per cent. Pure cinnabar 
contains 86.2 per cent. 

WET METHODS. 

SclvUon, — Since solutions of chloride of mercury cannot be 
boiled without risk of loss,* nitric acid solutions should be used 
wherever possible. No mercury-containing minerals are inso- 
luble in acids ; but cinnabar requires aqua regia for solution. In 
dissolving this mineral nitric acid should be used, with just as 
much hydrochloric acid as will suffice to take it up. 

To separate the mercury, pass sulphuretted hydrogen in con- 
«iderable excess through the somewhat dilute solution. The 
precipitate should be black, although it comes down at first very 
light coloured. It is filtered, washed, and transferred back to 
the beaker, and then digested with warm ammonic sulphide. 
The residue, filtered,- washed, and boiled with dilute nitric acid, 
will, in the absence of much lead, be pure mercuric sulphide. 
If much lead is present, a portion may be precipitated as sulphate, 
but can be removed by washing with ammonic acetate. To get 
the mercury into solution, cover with nitric acid and a few drops 
of hydrochloric, and warm till solution is effected. Dilute with 
water to 50 or 100 cc. 

* According to Personne mercuric chloride is not volatilised from boil- 
ing solutions when alkaline chlorides are present. 
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GHAVIMETBIC DETEEMIWATIOET. 

This may be made by eleciroli/sis. The same apparatus as it 
used for the electrolytic copper assay may be employed, bat 
instead of a cylinder of platinum one cut out of sheet copper 
should be taken, or the platinum one may ba coated with an 
evenly deposited layer of copper. Fls. the spiral and weighed 
copper cylinder in position, couple up the battery, and when this 
has been done put the nitric acid solution of the mercury in its 
place.* The student had better refer to the description of the 
Electralytie Copper Assay. 

The mercury cornea down readily, and the precipitation is com- 
plete in a few hours : it is better to leave it overnight to omke 
sure of complete reduction. Disconnect the apparatus, and wasli 
the cylinder, first with cold water, then with alcohol. Dry by 
placing in tbe water oven for two or three minutes. Coot and 
weight gives the amount of metallic 



mercury. 

It must be remembered that copper will precipitate mercury 
without the aid of the battery; but in this case copper will go 
into solution with a consequent loss in the weight of the cylinder : 
this must be avoided by connecting the battery before imroets- 
ing the electrodes in the assay solution. The electrolysed solu- 
tion should be treated with an excess of ammonia, when a blue 
coloration will indicate copper, in which case the electrolysis is 
unsatisfactory, "With a little care this need not happen. Gold 
cylinders may preferably be used instead of copper ; but on 
platinum the deposit of mercury is grey and non-adherent, EO 
that it cannot be washed and weighed. 

VOLUMETHIC METHODS. 

Several methods have been devised : for the details of these tbe 
student b refen-ed to Sutton's " Handbook of Volumetric Ana- 

QUESTIONS. 
I. The specific gravity of mercury la 13.596. What volume would 

S grama ocoapy 1 
X. If 3.169 grams of cinnabar gave 2.718 grams of mercury, wtiat wonla 

be tho percentage of the metal in the ore ? 

3. Fonr solattoD of mercuric chloride on mercury and explain whU 

happens. 

4. On dissolving a 3 giam of mercury in hot nitric acid, and passing 

sulphoretted hydrogen in escess through the diluted solution, 
what weight of precipitate will be got I 



CHAPTER X. 
OOPPEB— LEAD— THALLIUM -BISMUTH— 
ANTIMOHY. 
COPPER. 
Copper occurs native in large quantities, especially in the Lake i 
Superior district ; in this state it is generally pure. More 
frequently it is found in combination. The ores of copper may 
be classed as osides and sulphides. The most abundant oxidised 
ores are the carbonates, malachite and chessjlite ; the silicates, 
as also the red and black oxides, occur less abundantly. All these 
yield their copper in solution on boiling with hydrochloric acid. 

The sulphides are more abundant. Copper pyrites (or yellow- 
ore), embescite (or purple ore), and chalcocite (or grey ore) are 
the moat important. Iron pyrites generally carries copper and 
is frequently associated with the above-mentioned minerals. These 
are aU attacked by nitric acid. They nearly all contain a small 
quantity of organic matter, and frequently considerable quantities 
of lead, zinc, aUver, gold, arsenic, bismuth, &c. 

The copper ores are often concentrated on the mine before 
being sent into the market, either by smelting, when the product 
is a regulus or matte, or by a wet method of extraction, yielding 
cement copper or precipitate, A regulus is a sulphide of copper 
and iron, carrying from 30 to 40 per cent, of copper, A precipi- 
tate, which is generally in the form of powder, consists mainly of 
metallic copper. Either regulus or precipitate may be readily 
dissolved in nitric acid. 

Copper forms two classes of salts, cuprous and cupric. The 
former are pale coloured and of little importance to the assayer. 
They are easily and completely converted into cupric by oxidising 
agents. Cupric compounds are generally green or blue, and are 
soluble in ammonia, forming deep blue solutions. 
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DKT ASSAY. 




That, for copper, nest after those for gold and silver, holds ■ 
more important position thfln any other dry assay. The sale of 
copper ores has been regulated almost solely in the past by assays 
made on the Cornish method. It b not pretended that tliia 
method gives the actual content of coppter, but it givea the pur- 
chaser an idea of the quantity and quality of the metal that cm 
be got by emelting. The process ie itself one of smelting on ■ 
email scale. Aa might be expected, however, the assay produce 
and the smelting produce are not the same, there being a smaller 
loss of copper in the smelting. The method has worked very 
well, but when applied to the purchase of low class ores (from 
which the whole of the copper is extracted by wet methods) it is 
ansatisfactory. The following table, which embodies the results 
.■f several years' experience with copper assays, shows the loss of 
copper on ores of varying produce. The figures in the fourth 
column show how rapidly the proportion of copper lost increases 
as the percentage of copper in the ore falls below 30 per cent 
For material with more than 30 per cent, the proportion lost ie 
in inverse proportion to the copper present. 

LOSS OF COPl'ER. 



Copr« prweDt. 


D17 Aw.1. H 


irgto. 


Lo« on .M Put. 


PBOt. 


Pertml. Pt 


cent. 






98 






95 


92 a 


5 


S.6 


90 


87 a 


6 


1.9 


85 


82 2 


6 


3.0 


80 


77 2 


6 


3- a 


75 


72 2 


6 


3-5 


70 


67 2 


5 


3-6 


65 


62 2 


5 


3-8 


65 


57 2 


4 


4,0 


55 


5=1 2 


3 


4.a 


SO 


471 2 




4.4 


45 


43 2 




4-5 


40 


38J 1 


8 


4.6 


35 


33i 


7 


4-8 


30 


28i 1 


50 


5.0 


25 


23i ' 


SO 


6.0 




IS) I 


S6 


7.8 


18 


16 I 


S3 


8.5 


16 


14 I 


48 


9-3 


14 




40 








37 


ti.4 




8 I 


28 


12.8 


8 


6 I 


"4 
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Copper present ' 


Dry Auay. 


Margin. 


Loss on 100 Parts 
of Copper. 


Per cent 


Per cent. 


Per cent. 




6 


S 


1.05 


17.5 


5 


4 


1. 00 


20.0 


4 


3, 


I.OO 


25.0 


3-75 


2i 


0.97 


26.0 


3-50 


2A 


0.94 


27.0 


3-25 


2t% 


0.91 


28.0 


3.00 


^K 


0.87 


29.0 


2.75 


I« 


0.82 


30.0 


2.50 


I| 


0.77 


31.0 


2.25 


li 


0.72 


32.0 


2.00 


lA 


0.66 


33.0 



The wet assay being known, the dry assay can be calculated 
with the help of the above table by deducting the amount in the 
column headed " margin " opposite the corresponding percentage. 
For example, if the wet assay gives a produce of 17.12 per cent., 
there should be deducted 1.5 ; the dry assay would then be 15.62, 
or, since the fractions are always expressed in eighths, 1 5|. With 
impure ores, containing from 25 to 50 per cent, of copper, the dif- 
ferences may be perhaps | greater. 

Wet methods are gradually replacing the dry assay, and it is 
probable that in the future they wOl supersede it ; for stock-taking, 
and the various determinations required in smelting works and on 
mines, they are generally adopted, because they give the actual 
copper contents, and since it is obvious that a knowledge of this is 
more valuable to the miner and smelter. Moreover, the working 
of the dry method has been monopolised by a small ring of 
assayers, with the double result of exciting outside jealousy and, 
worse still, of retarding the development and improvement of the 
process. 

The principal stages of the dry assay are : (i) the concentration 
of the copper in a regulus ; (2) the separation of the sulphur by 
calcining ; (3) the reduction of the copper by fusion ; and (4) the 
refining of the metaJ obtained. 

The whole of these operations are not necessary with all copper 
material. Ores are worked through all the stages ; with mattes, 
the preliminary fusion for regulus is omitted ; precipitates are 
simply fused for coarse copper, and refined ; and blister or bai* 
coppers are refined, or, if very pure, subjected merely to washing. 

The quantity of ore generally taken is 400 grains, and is known 
as '' a full trial " ; but for rich material, containing more than 50 
per cent, of copper, ** a half trial," or 200 grains, is used. 
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iSd^k— Tl« «c father witli or wiAoat • 
rMi*iiig t» get rid «f any excess of eolphnr) 
"MX, ^MB> &SM^ Bad flnor spar ; aad, in some 
s, witb aili^ ^ iRK i^ifteB, ■eecr^Dg to tbe qoalitv of the 
Hie wxtai« ■■ ^MOBd in a luge Cornish crodble, and 
«d «s imiftv^r as |w»iiilili in the iri&d fiirnftc«, gndoallj 
niaag tlie le^peistars an as to melt down liie (charge in tiom 
15 to 2S MTHMlai. Tte layuUu is n^torad and its contents 
ponrod into u mm laawld. Vk^ Ae dag ii solid, it is liken 
np «itL I II uiiai aad nwiiihnil w «al:«r. "Due mgalns is eaal; 
detached fnan tfce dag. b ihoaM be nuTex above and easOy 
broken, hxm a mrUiih lauwe aekaar, and ccaitain from 40 to 
60 par ant, cf eoiiper. AM g e ha ^ritfa more th&n this is "too 
fiae,* and witfa lass " tea coaise.* A if^alns which la too fine 
1 <£ a dark Unish gray on the 
> i^nlns is flat uid coane 
paiaed, and aote aaaily leaoHUea ae^iiude of iron in &actnn 
andwirar. 

If an assay yields » gggelo a "too eoaise." a fresh determiaa- 
tion is made with axwe Bine eddad, or tbe roasting is carried 
fuTLber. \Vitb low elan one » Monrbat coarse regains is an 
advantage. If, on the iillMa htmi, fte repilos is too fine, lee 
nitre or less roasting ia tba ranedr. Witb grey copper area 
aad the oxidised oaes, ii>0B prr^es is added. 

Calaining tlM B«S«1bk. — It if powdered in an iron mortar 
UkI tnuufetred to a aeall Ooraish cradfale, or (if tbe roasting ia 
to be doDe in tbe araAB) to a roasting dish or scorifier. !Chs 
eaUaiac a eanwd eat at a daD red beat, which is giadoaHy 
iaenraad. The cbaige le^e a w a oanataat stirring at first to pn- 
TMk dottoig, hot M w wafc (he ^ti it heeaiaee sandy and 
nqouK hsB aUsntaaa. If ite taaifntatare daring calcination 
' * ' ■ 1, which are again ' ' 



to mlpbtdfls IB tbe sttbeeaemk fMaon. To prevent this the 

roasted ref^us is retefciaea at a bigbar tempeaatnre, after being 

^L rubbed np with a little awlhracite. Tbo roasted sabstance must 

^1 not amell of bunni^ sm^ifc;^ ab«> bot. It ia practically a 

^1 luinure of tbe oxidaa of «on)V and mm. 

H fusion fbr Ooan* Oo^ar. — ^Ibe eakined re^os is mixed 

^M with a dux ooasisttBC e( boaax and cariw aa te of soda, with more 

^K or Iftss MTtar aoewding to ite weagbt. Soiae " assjers " use 

^ft both tartju- and nitre, tbe fnascr of ooarae being in excess. Tbe 

^^k flbaige is letumed to tbe mxible in abadh it aas calcined, and 

^^B b malted down at a b^ feMapcnttote, and, ae soon as tranquil, 

^^H poured. Wban solid it u ^aeacbed and tbe button of metal 

L 
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COPPER. 

The slag is black and glassy. The BmaU quantity of copper 
which it retains ia recovered by a subsequent " cleaning," to- 
gether with the stags from the next operation. 

The button of "coarse copper" obtained muKt be free from a 
coating of regulus. It will vary somewhat in appearance accord- 
ing to the nature and quantity of the impuritias. 

Befining tho Coarse Copper. — The same crucible is put 
back in the furnace, deep down and under the crevice between 
the two bricks. When it has attained the temperature of the 
furnace the coarse cop- 
per is dropped into it 
and the furnace closed. 
The copper will melt 
almost lit once with a 
dull surface, which 
lifter a time cleiirs, 
showing an " eye." r,o. ^g. 

Some refining flux is 

then shot in from the scoop (fig, 48), and, when the assay is 
again fluid, it is poured. When cold the button of metal is 
separated. 

The button of " fine " copper is flat or pitted on its upper sur- 
face, and ia coated with a thin orange film ; it must have the 
appearance of good copper. If it is covered with a red or purple 
film, it is overdone or " burnt." If, on the other hand, it has a 
rough, dull appearance, it is not sufficiently refined. Assays 
that have been " burnt " are rejected. Those not sufficiently 
fine are treated as "coarse copper," and again put through the 
refining operation. 

Cleaning the SlagB. — These are roughly powdered and 
re-fused with tartar, etc., as in the fusion for coarse copper. The 
button of metal got is separated {if big enough refined) and weighed. 

The details of the process are slightly varied by difl'erent 
assayers : the following wUl be good practice for the student. 

Determination of Copper in Copper Pyrites, — Powder, 
dry, and weigh up 20 grams of the ore. Mix with 20 grams each 
of powdered lime and fluor, 15 grams each of powdered glass and 
borax, and 5 or 10 grams of nitre. Transfer to a large Cornish 
crucible and fuse under a loose cover at a high temperature for 
from 15 to ao minutes. "When fluid and tranquil pour into a 
mould. When the slag has solidified, but whilst still hot, quench 
by dipping two or three times in cold water. Avoid leaving it 
in the water so long that it does not dry after removal. When 
cold sepai'ate the button, or perhaps buttons, of regulua by 
crumbling the slag between the fingers. See that the slag i 
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free from regains. It should he light coloured when cold and 
very fluid when hot. Reject the slag. 

Powder the reguliis in a mortar and transfer to a small crucible. 
, with occasional stirring, until no odour of sulphui-ous 
oxide can be detected. Shake back into the mortar, rub up with 
about I gram of powdered anthracite, and re-calcine for lo 

'mutes longer. 

Mix the calcined regnlua with lo grams of tartar, 20 grams of 
soda, and 3 grams of borax ; and replace in the crucible used for 
■calcining. Fuse at a bright red heat for 10 or 15 minutes. Pour, 
when tranquil. 

s solid, quench in water, separate the button of copper, 
and nave the slag. 

To refine the copper a very hot fire is wanted, and the fuel 
should not be too low down in the furnace. Place the crucible 
well down in the fire and in the middle of the furnace. The same 
crucible is used, or, if a new one is taken, it must be glazed with, 
a little borax. When the crucible is at a good red heat, above the 
fusing point of copper, drop the button of copper into it, and close 
the furnace. Watch through the crevice, and, as soon as the 
button has melted and appears clear showing an eye, shoot in 10 
grams of refining Sux, close the furnace, and, in a few niinutes, 
pour ; then separate the button of copper. Add the slag to that 
from the coarse copper fusion, and powder. Mix with 5 grams of 
tartar, 0.5 gram of powdered charcoal, and 2 grama of soda. 
Fuse in the same crucible, and, when tranquil, pour ; quench, 
and pick out the prills of metal. 

If the copper thus got from the slags ia coarse looking and 
large in amount, it must he refined ; but, if small in quantity, it 
may be taken as four-fifths copper. The combined results multi' 
plied by five give the percentage of copper. 

The refining flux is made by mixing 3 parts (by measure) 
of powdered nitre, 2^ of tartar, and i of salt. Put in a large 
crucible, and stir mth a red-hot iron until action has ceased. 
This operation should be carried out in a well-ventilated spot. 

For pure ores in which the copper is present, either as metal 
or oxide, and free from sulphur, arsenic, &c., the concentration of 
the copper in a regulus may be omitted, and the metal obtained in 
a pure state by a single fusion.* It is necessary to get a fluid 
neutral slag with the addition of as small an amount of flux 
as possible. The fusion should be made at a high temperature, so 
as not to occupy more than from zo to 25 minutes. Thiily grama 
of ore is taken for a charge, mixed with so grams of cream of 

"Modem American Methods ot Copper Smelting" (Dr. Petera), 



tartar, and lo grama each of dried borax and soda. If the 
gangue of the oi-e is basic, carrying much oside of iron or lime, 
silica id added, in quantity not exceeding lo grams. If, on the 
other hand, the gangue is mainly quartz, oxide of iron up to 
7 grams must be added. 

Example. — -Twenty grams of copper pyrites, known to con- 
tain 27.6 per cent, of copper, gave "by the method first described 
5.2Z grams of copper, equalUng 36\ per cent. Another sample of 
20 grams of the same ore, calcined, fused with 40 grams of nitre, 
and washed to ensure the removal of arsenic and sulphur, and 
treated according to the second methcd, gave a button weighing 
5.27 grams, equalling 26^ per cent. The ore contained a con- 
siderable quantity of lead. Lead renders the assay more difficult, 
since after calcination it remains as lead sulphate, and in th& 
fusion for coarse copper reappears as a regulus on the button. 

The Estimation of SCoisturg, — The Cornish dry assayer 
very seldom makes a moisture determination. He dries the 
samples by placing the papers containing them on the iron plate 
of the furnace. 

It is well known that by buying the copper contents of pyritea 
by Cornish assay, burning off the sulphur, and converting the 
copper into precipitate, a large excess is obtained. 

WOTES ON THE VALUATION OP COPPEB OHBS. 

Closely bound up with the practice of dry copper assaying is 
that of valuing a parcel of copper ore. The methods by which the 
valuation is made have been described by Mr. Westmoreland,* 
and are briefly as follows : — The produce of the paj^el is settled 
by two assayera, one acting for the buyer, the other for the seller ; 
with the help, in case of non<agreement, of a third, or referee, 
whose decision is final. The dry assayers who do this are in most 
cases helped, and sometimes, perhaps, controlled, by wet assays 
made for one or both of the paities in the transaction. 

In the case of " ticketing," the parcels are purchased by the 
smelters by tender, and the value of any particular parcel is cal- 
culated from the average price paid, as follows : — The "standard," 
or absolute value of each ton of fijie copper in the ore, is the 
price the smelters have paid for it, plus the returning charges 
or coat of smelting the quantity of ore in which it is con- 
tained. The value of any particular parcel of ore is that of the 
quantity of fine copper it contains, calculated on this standard, 
minus the returning charges. The ton consists of zi cwt«., and 

• " Joomal of the Society of Chemical IndostiT," voL v. No. 2. 
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it is aamiined tbaS th« "aettJed" produce is the actual yidAa# 
tlwore. 

II at a ticketing in ComwaU 985 tons of ore contaimng^ 6 jj 
tana of fine copper (by -117 assay) bronght ;£^25gr i2«., dta 

standAnl wonld be ^83 F5S. Tiii& is caleolated us foilows: 

Ttie returning char^ is fixed at 55*. per ton of ore. This an. 985. 
t,otM will amaniic to jQi'joS, i^a. Add tbis to the .ictn&l pom 
pnid, and tbere i« got ^5300 as the valne of tiie fine coppu- 
present, Tbe weight of coppec^ in these 985 tons being 63.J tT ffm ^ 
the standard is ^5500-6-63.3, or _^S3 r5». (neaiiv). 

The valna of a, parcel of 150 tons of a 6 per cent, ore on ibm 
smsam standard wonld be arriveri at aa follows : — -The i i;o tons at: 
6perrwnt. wcnld contain 9 cons {150x6 -r- too) of fine copp^, Thn^ 
at jQZi r5«. per don. wonld give ^£"753 15*. From this must te 
deducted the returning ofaar^a on 150 tons of ore ai 55a. pv 
ton, or ^£41 2 lai. This leaves ^341 5*- '^ the vjdue of tin 

At awansea. the returning chaise is \fsa than in ComwalL and 
varies with the qiiaiity of the wie. This appears equitable, wax 
in smiting there are some costs which are dependent simply on 
the number of tons treated, and others which incTBuse with tl» 
richness. The returning charge then is made up of two paitt, 
one fixed at so much ( raa. id.) per ton of ore treated, and ths 
other 90 much (3*. <jd.) per unit of metal in the ore. In chig w»y 
the returning charge on a ton of ore of 8^ produce would tn 
ia». «t + (83 X 2.S. 9^.), or £2 5*. 

K, for example, Chfli bars, containing 96 per cent, of copper, 
bring £s^ pBi" ton, the standard ia £jz gs. ^d. It is got at in 
tbis way. The returning charge on a 96 pep cent, ore ■ 
I3». jrf. + (96 X 3». <)d.). liT j£ii I2S. 2d. This added to j^TjOgjws 
_;^68 i3t. 2d., and this multiplied by loo and divided by g6 (100 
tons of the bars will contain 96 tona of fine copper) will giro 
jCli 98. 4^- . ... 

The price of too tons of pyntes, contammg 2^ per cent of 
copper by dry assay, would be got an this standard as follows :— 
The parcel of ore would contain 2^ tons of copper. This tnnlth 
plied by the standard gives ^£'160 i6«. od. From this must be 
deducted the returning charge, which for 1 ton of ore of this pro- 
duce would be tM. 2d. +■ (zj « 33. 9^.) or £t as. -d., and on the 
100 tons ib £i°i i3»- 4^ TioA would leave £.^-j ija. tod. m 
the price of the parcel, or r ts. jd. per ton. This would be on the 
eUndard returning charge of 45a. (for 8| per cent, ore); if ■ 
unalltf returning charge was agreed on, aay 33*., the difierence 
~tu cue, 7«.. wonld be added to the foice per ton. 
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WET METHODS. 

The solnbility of the ores of copper in acid Las already been 
deecnbed, but certain furnace products, such as slags, are best 
opened up by fusion with fusion mixture and a httle uitre. 

The method of dissolving varies with the nature of the ore. 
With 5 grams of pyrites, a single evaporation with lo c.c. of 
nitric acid will give a residue completely soluble in 30 o.c. of 
hydrochloric add. If the ore carries ojdde of iron or similar 
Ijodiee, these are first dissolved up by boiling with 20 c.c. of 
faydrocbloric acid, and the residue attacked by an addition of 
5 cc of nitric. When silicates decomposable by acid are present, 
the solution is evaporated to dryne&s to render the silica isso- 
Inble ; the residue extracted with 3a ac. of hydrochloric add, and 
diluted with water to 150 c.c. It is advisable to have the copper 
in solution as chloride. To separate the copper, heat the solution 
nearly to boiling (best in a pint flask), and pass a rapid current 
«f sulphuretted hydrogen for four or five minutes until the pre- 
ci{nt&te settles readily and the liquid smells of the gas. When 
iron is present it will be reduced to the ferrous state before the 
copper sulphide begins to separate. The capper appears as 
a. brown coloration or black precipitate according to the quan- 
tity present. Filter through a coarse filter, wash with hot water 
containing sulphuretted hydrogen, if necessary. Wash the pre- 
dpitate back into the flask, boil with 10 c.c. of nitric acid, add 
eoda till alkaline, and pass sulphuretted hydrogen again. Warm 
and filter, wash and redissolve in nitric acid, neutralise with 
ammonia, add amnionic carbonate, boil and fiJter. The copper 
freed from impurities will be in the solution. Acidulate and 
reprecipitate with sulphuretted hydrogen. When the nature 
of the impurities will allow it, this process may be shortened to 
first filtering off the gangue, then precipitating with sulphuretted 
hydrogen and washing the precipitate on the filter first with 
water and then with ammonium sulphide. 

Having separated the copper as sulphide, its weight is deter- 
mined as follows. Dry and transfer to a weighed porcelain cru- 
cible, mix with a little pure sulphur, and ignite at a red heat for 
5 or 10 minutes in a current of hydrogen. Allow to cool while 
tbe hydrogen is stOl passing. Weigh. The eubsulphide of 
copper thus obtained contains 79.85 per cent, of copper ; it is a 
greyish-black crystalline mass, which loses no weight on ignition 
if air is excluded. 

Copper may be separated from its solutions by means of sodium 
hyposulphite. The solution is freed from hydrochloric and 
~" ic acids by evaporation with Bulpburic acid; diluted to about. 
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s qaxrt«r of a litre; hotted aeariy to boiling ; aad trariKtl wfbH. s 
hoc Holatiion nf socUnm hypoEiiipliice (itdded a little M it tame) 
until che precipitate aeUlta and leaves the solution, free fron 
colour. The solation conCaina suspended solphur. The pee- 
cipttate is etudly washed, and ander the proper conditions th» 
aepAmtion is complete, bnt the separation witK sulphnrettei 
hydrogen in more -tatisfactory, ^mce the conditions m Ca acidij^, 
ic.. need not be mo exacr^ 

Zinn or iron is mmetiinea nsed for sepanttin^ copp^ icon te 
soliitiona, bat they are not to he recommended. 

ELECTEOLYTIC ASSAT. 

Tha separation of copper by meaaa of a current of electxi^r 
is largely made use of, and forma tiie basis of the most aats- 
factory method for the determination of this metal. Lf the wire 
donng an alectric circuit be broken, and rhe two ends imioersed 
in ft beaker of aciilniated water or solution of any salt, the 
deetricity wiU pass through the liquid, bringing about some r»- 
mnrkable changea. Hydrogen and the metals will be liberated 
around that part of the wire connected with the zinc end a( tlie 
battery, and osygen, chlorine, and the acid radicals will be set 
free amnnd the other. Diffra^nt metals are deposited in ths 
way with varying degrees of ease, and whether or not any par- 
ticular metal will be deposited depends — ( i ) on the conditions of 
the solution as regards add and other sabstances present, and 
(a) on the iatenait'j of tie current of electrial^- oaed- For 
analytical purposes the metal should be deposited not aniy free 
from the other metals present, but also as a linn coherent film, 
which may afterwards be manipnlated without fear of loss. This 
is, in the ease of copper and many other metals, effected by a 
nmple control of the conditions. It is necessary that the elec- 
trodes, or wires which bring the electricity into the solntioiu 
should be made of a materiai to which the deposited ra>»tal will 
adhere, and which will not be attacked by substances originally 
present or set free in the solution. They are generally made of 
platinum- There are various arrangements of appantus used 
for this purpose, bnt the following plan and method of working' 
is simple and etTective, and has been in daily use with veiy satia- 
factory resnlts for the last five or six years. 

The battery u^«d is made up of two Daniell cells, coupled up 
for intensity as shown in fig. 49- — that is, with the copper of on» 
connected with the rinc of the other. For eight or ten assays 
daily the quart size should be used, bat for four or five two pint 

"* will be sufficient. 



The outer pot of each cell is mado of sheet copper, anJ must 
be cleiLn and free ivom solder on the inside. It is provided near 
the top with a perforated copper 
shelf in the shape of a ring-, into 
which the inner or porous cell loosely 
fits. It is charged with a saturated 
solution of copper sulphate, nnd 
crystals of this salt must be added, 
and always kept in excess. When 
the battery ia at work copper is 
being deposited on the inner surface 
of this pot. 

The inner or porous pot contMns Fia. 49. 

the zinc rod, and is charged with a 

dilute acid, made by diluting one volume of sulphuric acid up 
to ten with water. The object of the porous pot is to pre- 
vent the mixing of the acid and copper sulphate solutions, with- 
out interrupting the flow of electricity. The copper sulphate 
solution will last for months, but the acid must be emptied out 
and recharged daily. 

The zinc rods must be well amalgamated by rubbing with 
mercury under dilute acid until they show a uniformly bright 
surface. They should not produce a brisk effervescence when 
placed in the acid in the porous pot before coupling up. 

The battery when working is apt to become dirty from the 
" creeping " of the copper and zinc sulphate solution. It must 
be kept away from the working bench, and is best kept in a box 
on the floor. 

The connection of the battery with, and the fixing of, the 
electrodes may be made by any suitable arrangement, but the 
following is a very convenient plan. The wire from the zinc ia 
connected by means of a binding B<arew with a piece of stout 
€»pper wire, which, at a distance sufficiently great to allow of 
easy coupling with the battery, is led along the back of a piece 





fcli* 




is one in^ sqnsie and tbree or four feet Ion} 
,0 back at distances of sia inchcB by* 
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number of small holes, ia which are inserted screws like that 
shown in fig. 51. These are known as " tei-minais," and may 
be obtained of any electrician. The head of each screw ia 
soldered to the wire mentioned above as running along the back 
and as being connected with the zinc end of the battery. These 
termioals serve to fix the electrodes on which the copper is to be 
deposited. The wire from the copper end of the battery is 
similarly connected by a connecting Bcrew (fig, 52) with another 
wire {H in fig, 53), which runs along the top of the rod and has 
soldered to it, .at distances of six inches, cylindrical spirals of 
copper \vire. These should project from the rod at points about 
half-way between the terminals already described. They may 
be made by wrapping copper wire around a black-lead pencil for 
ft length of about three inches. 

The rod is perforated from top to bottom with a series of small 
holes, one in advance of each terminal but aa near it as poaaible. 
Into these short pieces of glass tube are inserted to ensure insu- 
lation. These receive the other electrodes, which are connected 
with the wire leading to the copper end of the battery, through 
the spirals, with the help of a binding Bcrew, The figure will 
make this clear. (Fig. 53,) 

The electrodes consist of a platinum spiral and cylinder. 
The spiral should have the shape 
shown in A, fig. 54. When in 
work it is passed through one of 
the holes fitted with glass tubes and 
connected with the copper end of 
the battery. The thickness of the 
wire of which it is made is nn- 
important, provided it is stout 
enough to keep its form and docs 
not easily bend. The spiral will 
weigh about 8 grams. The cylin- 
der (C, fig, 54) will weigh about 
13 grams. It should have the 
ehape shown in the figure. In 
Working it ia clamped to one of 
the terminals, and on it the copper 
M deposited. A cylinder wUl serve 
for the deposition of from 1 to 1.5 
fii-am of copper. It is made by 
'ivetting a square piece of foil on 
*o a stiff piece of wire, and then 

wending into shape over a glass tube or piece of rounded wood, 
h cyUnder carries a distinctive ntimber, and is marked by im- 
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mxT.BooK or assayxxg. 

preGsing Bom&n nmnerals on the foil with the hUde of a knifa 
The weight of each is carefully taken and recorded. They lose 
slightly in weight when in use, but the laes is uniform, Hnd 
iivemges half a milligi'ara per month when in daily use. The 
lylinders are cleaned from deposited copper by dissolving off 
>vith nitric acid and washing with water ; and from grease by 

The beakfirs, to contain the solution of copper to be electro- 
lysed, are ordinary tall bcitkers of about 3oo c.c capacity, and 
are marked off at loo c.c. and 150 c.c. They are supported on 
iiioTahle stands, coueisting of wooden blocks about six inches high 
;inJ three inches across. The bar of wood which carries the 
connecting wires and electrodes is permanently 6xed over the 
working bench, at such a height that, with the beakers resting o» 
these blocks, the electrodes shall be in position for working. 

To fix the electrodes to the rod, remove the stand and beaker 
and pass the long limb of the spiral up through one of tlie 
^-lasB tubes. Connect it with the free end of the copper spiral 
by means of a connecting screw (fig. 52), and then draw out and 
lieod the copper spiral so that the platinum one may hang fredy. 
Screw the wire of the cylinder to the terminal, and, if necessary, 
bend it 60 that the cylinder itself may be brought to encircle tia 
rod of the spiral in the mimner shown in fig. 53. 

The general method, of working is as follows : — The qnm- 
tity of ore to ba taken for an assiy varies with the richness of 
the ore, as is shown in the following table : — 



30 to 50 i-s „ 

50 to "00 « " 

The weighed quantity of ore is dissolved by evaporating with 
nitric acid and taking up with hydrochloric, as already described. 
Any coloured residue which may be left is generally orgaoie 
matter: it is filtered off, calcined, and any copper it contains i* 
estimated colorimetrically. Nearly always, however, the residn* 
is white and sandy. The copper is separated from the solation 
.is sulphide by moans of a rapid current of sulphuretted hydrogen. 
The liquid is decanted off through a filter, the precipitste washoJ 
once with hot water and then rinssd back into the flask (tlW 
filter paper being opened out) with a jet of water from a wadi 
bottle. Fifteen c.c. of nitric acid are added to the contents of th( 
flask, which ai-e then briskly boiled until the bulk is reduced U 
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(ess than 10 e.c. The boiling down is carrie*! out in a cuplioar.l 
free From cold draughts, so as to prevent the condensation of 
acid and steam in the neck of the flnsk. Twenty c.c. of water 
are neKt added, and the Eolution is warmed, and filtered into one 
«f the beakers far electrolysis. The filtrate and washings aro 
diluted with water to the 100 c.c. mark, and tlie solution is then 
ready for the battery. It must not contain more than 10 per 
cent, by volume of nitric acid. 

The number and weight of the platinum cyfinder having been 
recorded, botli electrodes are fised in position and the wooden 
block removed from under them. The beaker containing the 
copper solution is then brought up into its place with one hand, 
and the block replaced with the othci' bo as to support it. All 
the assays having been got into position, the connecting wires 
are joined to the battery. If everything is right hubbies of 
oxygen at once stream off from the spiral, and the cylinder 
becomes tarnished by a deposit of copper. If the osygen comas 
offbut no copper is deposited, it is because the assay solution 
contains too much nitric acid. If no action whatever takes place, 
it is because the current is not passing. In this case examino 
the connections to see that they are clean and secure, and thu 
connecting wires to see that they are not touching each other. 

The action is allowed to go on for sixteen or seventeen hours, 
60 that it is best to let the current act over-night. In the morn- 
ing the solutions will appear colourless, and a slow stream of 
oxygen will still be coming ofi' from the spind, 

A wash-bottle with cold distilled water and two beakers, one 
with distilled water and the other with alcohol, are got ready. 
Tbe block is then removed, the spiral loosened and lowered with 
the beaker. The cylinder is neit detached and washed with a 
etream of water from the wash-bottle, the washings being added 
to the original solution. The current from the battery is not 
stopped until all the cylinders are washed. After being dipped 
in tbe beaker of water and once or twice in that with the alcohol, 
it is dried in the water-oven for about three minutes, and then 
weighed. The increase in weight is due to deposited copper. 
This should be salmon-red in colour, satin-like or crystalline in 
appearance, and in an even coherent deposit, not removed by 
rubbing. It is permanent in air when dry, but sulphuretteil 
hydrogen quickly tarnishes it, producing coloured films. With 
ores containing even very small proportions of bismuth, tho 
deposited copper has a dark grey colour, and when much of this 
metal is present the copper is coated with a grey shaggy deposit. 

It still remains to determine anycoj'per left undeposited in the 
action. This does not generally esceed four or five milligrams. 
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s estimated colorimetrically. Thirty c.c. of dilute ammonl* 
(one of strong ammonia mixed with oqq of water) are added to 
the electrolysed solution, which is then diluted up to the 150 cjj. 
mark with water. It is mixed, using the spiral as stirrer, and, 
after standing a few miuutes to allow the precipitate to settle, 
100 c.c. of it are filtered off through a dry filter for the colon- 
metric determination. Sincfl only two-thirds of the solution are 
taken for this, the quantity of copper found must he increased by 
one-Lalf to get the quantity actually present. 

The eolorimetrio determination may be made in the laanr 
ner described under that head, but where a number of assays are 
being carried out it is more convenient to have 
a series of standard phiala containing known 
amounts of copper in ammoniacal solution. By 
comparing the measured volume of the asssiy 
solution with these, the amount of copper pre- 
sent is determined at a glance. These standard 
bottles, however, can only be economically used 
where a large number of assays are being made 
daily, 

□ A convenient plan is to get a quantity of 

white glass foar-ounce phials, like that in fig. 55, 
and to label them so that they shall contain 100 ce, 
when mied up to the bottom of the labels. Tlie 
labels should be rendered permanent by coating 
with wax, and be marked with numbers indicating the milligrams 
of copper present. The bottles are stopped with new clean corka, 
and contain, in addition to the specified quantity of copper, 6 c.e, 
of nitric acid and 10 c.c. of strong ammonia, with sufficient water 
to make up the bulk to 100 c.c. The copper is best added by 
running in the requisite amount of a standard solution of copper, 
each c.c. of which contains o.ooi gram of the metal. 

The standard bottles should be refilled once every three or four 
months, since their eolorimetrio value becomes slowly less on 
keeping. The following determinations of a set which had been 
in use for three months will illustrate this. The figures indicate 
milligrams of copper in 100 c.c. : the first row gives the nominal 
and the second row the actual colorimetric value of the standardb 
The difference between the two shows the deterioration. 
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The amount of copper in the assay is got by increasing that 
found colorimetrically by one-half and adding to that found on 
the platinum cylinder. The percentage is calculated in the usonl. 
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way. The following' examples will illustrate this, as well i 
method of recording the work in the laboratory hook : — 



Cjlindprl. + Cu . 
CjUnderl. . . 


- 9- 5410 
. 9-5 '70 


By colour looc.c.^o.oors) 

0,0007 ;■ 

IX. Sample. Took 5 grams. 


0.0240 

0.0263 

Copper = 0.51 V. 


Cylinder VI. + Ca 
CjliEder VI. 


. - 10.5705 
. 10.0437 


By colour, iooe.n. = o,oo7o) 
0.003s f 


0.5268 
. 0.0105 


0.0 1 OS 
1 Matte, No. 1070. Took 1.5 gram 


O.S373 
Copper = 35.82 •/. 


t Cylinder Xlll. + Ca 


. . 12.035a 


1 ime, , . 




■■ By colour 100 o.c. = o.ooo5| 


0.9947 
. 0.0007 


1 0.0007 

■ X. Sample, Cake copper. Took 


0.9954 
0053 gmiQ- 

Copper = 99.00 % 



In the electrolytic assay of metals, alloys, precipitates, and 
other bodies rich in copper, the preliminary separation of the 
copper by sulphuretted hydrogen is unnecessary. It ia sufficient 
to dissolve the weighed sample in 10 c.c. of nitric acid, boil off 
nitrous fumes, dilute to 100 c.c. with water, and then electrolyse. 

Qeneral GonsideratioiLS. — In the prehminary work with the 
copper sulphide there is a small loss owing to its imperfect removal 
in washing the lilt«r paper, and another small loss in dissolving 
in nitric acid owing to the retention of particles in the fused 
globules of sulphur. To determine its amount the filter-papers 
and sulphur were collected from forty assays, and the copper in 
them determined. The average amount of copper in each assay 
was 0.175 gra^n; that left on the filter paper was 0.00067 gram; 
.Asd that retained by the sulphur 0.00003 gram; thus showing an 
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from both sources of 0.00070 gram. The determina- 
anotber lot of fortj-two similar assays gave on an 



Copper left on filter pnper .... 0.0CK170 giam 
Copper retained by sulphor .... 0.00004 •• 

The loss from tbese sources is trifling, and need only be eon- 
siiiered wlien great accuracy is required, 

Tlie deposition of the copper under the conditions given is 
satUfactory, but, as already stated, if the solution contain more 
thno 10 per cent, of nitric acid it is not thrown down at all ; or 
if a stronger current is used, say that from three Bunsen cells, it 
will !« precipitated ia an arborescent brittle form, ill adapted for 
'iveiglijng. It may be noted here that increafing the size of the 
cells Joes not necesf^arily increase the intensity of the current. 

I n two determinations on pure electrotype copper the followi 
result:; were obtained: — ■ ■" 






0.8303 
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The presence of salta of ammonia, 4c., somewhat retards the 
deposition, but bos no other ill effect. 

The organic matter generally present in copper ores interferes 
more especially in the colorimetric determination of the residual 
copper. It can be detected on dissolving the ore as a, hght 
black residue insoluble in nitric acid. It is filtered off at once, 
or, if only present in small amount, it is carried on in tlie ordi- 
nary process of the assay and separated in the last fi.lti'atdoa 
before electrolysis. 

The following experiments were made to test the effect of the 
presence of salts of foreign metals in the solution duiing the 
precipitation of copper by electrolysis : — 



Cojipcr ToSen. 




OthprKs-IArfJel. 


Copper K„urd. 


0.1 000 gram 


0. 


000 gram of silver 


D.1S00 


0.1050 „ 








0.10J0 „ 




000 „ mLrcuTT 




0.103? .. 






O.S01S 






ooo " lead' 




0. 1030 „ 






aioiS 






oco „ nraeulo 














0. 


ooQ „ antimony 


o.:o50 


u. ioi,[ „ 


0. 




o.:057 


0,0990 „ 




200 „ tin 


0.0990 








0.1015 


0. 1000 ., 




000 !, bismuth 


0..662 



Copper 'r-trii. 


t;th«M«ai*<id«). 


Copper Foano. 


aio^ogram 


o. 1000 gmm of cadmium 


0.IOSJ 


o. 1009 .. 
















o-.S'^ 




o.icco „ cbrcmium (CfjO,) 




0. 1034 „ 


0.1000 „ ,. (K,CrO.) 




0.1075 » 


o.ioco „ Bluminmm 






0. 1000 „ manganese 


0.0980 



It will Ijo seen from these that mercury, silver, anil bismuth 
are the only metals wbich are precipitable* along with the copper 
under the tondiWons of the oHsay, Mercury, which if present 
vi-onld interfei*, is neparated because of the insolubility of its 
sulphide in nitric acid. 

Bismuth is precipitated only after the main portion of the 
copper is thrown down. It rendei-s the copper obviously unsuit- 
able for weighing. It darkens, or forms a greyish coating on, 
the copper ; and this darkening ia a delicate test for bismuth. 
In assaying ores containing about three and a. half per cent, of 
copper, and known to contain bismuth in quantities scarcely 
detectable in ordinary analysis, the metal deposited was distinctly 
greyish in colour, and would not be mistaken for pure copper. 
Ten grams of this impure copper were coUected and analysed, 
with the following results :^ 
^^ Copper gQ-^fi per cent. 



Tlie quantity of copper got in each a-ssay was 0.175 gram, and 
consequently the bismuth averaged 0.00053 gr"™- 

To separate the bismuth in such a case the deposit is dis- 
solved off by warming it in the original solution. The bismuth 
IB precipitated by the addition of ammonic carbonate, and the 
solution, after filtering and acidifying with nitric acid, is re- 
electrolysed. 

Determination of Coppar in Commercial Copper. — Take 
from I to 1.5 gram, weigh carefully, and transfer to a beaker; 
add 20 c.c. of water and 10 c.c. of nitric acid ; cover with a clock 

• Lead when present ia precipitated on the tpiral in the form of a dark 
powder of di-oiide (PbO,). Manganese is also thrown down on the Bpital 
as dioxide (MnO,), the solution at tbp ="m» timo i.o/.nTi,. 
(mrmBtion of perroaneamo acid. 



le becomes violet from the 



k. 
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glass, and allow to dissolve witb moderate action; boil off nitrous 
), dilute to loo c.c, and eiectrolyse. The cylinder must be 
carefully weighed, and the electrolysia allowed to proceed for 
24 hours. The weight found will be that of the copper and silver. 
The Sliver in it must be determined" and deducted. 

DeterminatioD of Copper In Brass, German Silver, or 
~ —Treat in the same manner as commercial copper. If 

nickel is present, the few milligrams of copper remaining in tb» 
electrolysed solution ehoold be separated with sulphuretted 
hydrogen, the precipitated sulphide dissolved iu nitric acid, and 
determined colorimetrically. 

VOIiUMETSIC FBOCESSES. 

There are two of these in use, one based on the decolorizing 
eSect of potassic cyanide upon an ammooiacal copper solation, and 
the other upon the measurement of the quaatity of iodine 
liberated from potassic iodide by the copper salt. The cyanide 
process is the more generally used, and when carefully worked, 
" on certain understood and orthodox conditions," yields good 
result* ; but probably there is no method of assaying where a 
slight deviation from these conditions so surely leads to error. 
An operator has no difficulty in getting concordant results with 
duplicate assays -, yet different asisayers, working, without bias, on 
the same material, get results uniformly higher or lower ; & 
difference evidently due to variations in the mode of working. 
Where a large number of results are wanted quickly it is a, very 
convenient method. The iodide process is also satisfactoiy when 
worked under the proper conditions. 

CYANIDE METHOD. 

The process is based upon the facts— (1) that when ammonuiB 
added in excess to a solution containing cupric salts, ammoniacsl 
copper compounds ai-e formed which give to the solution a deep 
blue colour; and (2) that when potassic cyanide is added in suffi- 
cient quantity to such a solution the colour is removed, double 
cyanides of copper and potassium or ammonium being formed.t 
Sjx the explanation generally given the formation of cuprous cy- 
anide is supposed jr; but in practice it is found that one part of 
copper requires rather more than four parts of cyanide, wMoh 
Bgi'ees with the former, rather than the latter, explanation. 

* See the method given under Examinatiim of Commeraal Copper. 

t CuSU, + 4KCy = 2KCt.CuCj-, + I^SO,. 

t aCuSei, + 3KCy + Ani,0 = CUjCy, + Am^O, + K^O, -|- ECtO^ 




Keliance on the accuracy of the process cannot rest upon i 
Bnppoaition that the cyanide required for decoloration is propor- 
tional to the copper present, for varying quantities of ammonia 
salts, ammonia and water, and differences of temperature have an 
important effect. The results are concordant and exact only 
when the cyanide is standardised under the same conditions as it 
is used. It is best to have the nsaay solution and that used for 
standardising as nearly as possible alike, and to titrate the two 
solutions side by side. This demands an approximate knowledge 
of the quantity of copper contained in the ore and a eeparation 
of the bulk of the impurities. 

For the titration there is required a standard solution of potas- 
sium cyanide made by dissolving 42 grams of the salt, known to 
dealers as Potassium Cyanide (Gold), in water and diluting to one 
litre: 100 c.c, of this will be about equivalent to one gram of 
copper. For poor ores the solution may conveniently be made 
haJf this strength. 

The solution of the ore and the separation of the copper as sul- 
phide are effected in the same ways as have been already described 
for electrolysis. Similarly, too, the sulphide is attacked with 
15 c.c. of nitricacidand the assay boiled down to 10 c.c. Add 20 c.c. 
of water and warm, filter into a pint flask, wash well with water, 
and dilute to about 150 c.c. : add 30 c.c. of dilute ammooia, and 

cool. 

Prepare a standard by dissolving a quantity of electrotype 
copper (judged to be about the same as that contained in the 
assay) in 20 c.c. of water and 10 c.c. of nitric acid, boil off the 
nitrous fumes, and dilute to 150 c.c: add 30 c.c. of dilute 
ajcmonia and cool. 

Fill a burette with the standard cyanide solution. The burette 
with syphon arrangement, figured on page 52, is used. A 
number of titrations can be carried on at the same time provided 
the quantity of copper present in each is about the same. This 
is regulated in weighing up the ore. The flasks must of course 
be marked, and should be arranged in series on a bench in front 
of a good light and at such a height that the liquid can be looked 
through without stooping. Supposing about 50 c.c. of cyanide 
will be required, 30 c.c. should be run into each, and each addi- 
tion be recorded as soon as made; then run 15 c.c. into each. 
The solutions will now probably show marked differences of tint: 
add I c.c. of cyanide to the lighter ones and more to the darker, bo 
as to bring the colours to about the same depth of tint. They 
should all be of nearly equal tint just before finishing. At the 
end add half a c.c. at a time until the colours are completely dis- 
charged. A piece of damp filter paper held between the light 
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and the flask assists in judging the colour when nearly finished. 
Overdone aaaaya show a. straw yellow colour which deepens on 
eCandin;;. 

The following will illnstrate the notes recorded of five such 
aaaays and one atandajii : — 



3) 30 - 
(4) 30 " 
(5 3° - 
(6) 30 .. 






i . 



= 49* ■ 



5a stacdud 
and the standard contained 



Three grama of ore 
0,480 gram of copper. 

In this series the difference of half a c.c. means about 0.15 
per cent, on the ore ; with a little practice it is easy to estimaf* 
whether the whole or half of the lait addition should be counted. 

To get satisfactory results, the manner of finishing onM 
adopted must be adhered to. 

The following experiments stow the effect of variation in tlie 
conditions of the assay : — Use a solution, 0/ copper nitraU, made 
by dissolving 10 grams of copper in 50 c.c. of water and 35 c.c. of 
oitric acid, and diluting to a litre. loo c.c. = i gi-am of copper. 

Effect of Varying Temperature. — In these experimenta 
20C.C. of copjier nitrate were used, with 10 c.c. of nitric aeid, 30 cjs. 
<3i dilute ammonia, and water to 200 cc. The result* were — 



30° 



iS.S c. 



19,7 c.c. 

The temperature ia that of the solution be/ore titniting. These 
abow the importance of always cooling before titrating, and of 
titrating the assay and standard at the same temperature. 

Effect of Varying Bulk. — The quantities of copper, aciJ, and 
ammonia were the same as in the last-mentioned expeiiments. 
The results were :— 

Bulk . . 1 00.0 c.c. 200.0 c.c. 300.0 CO. 400.0 CO. 

Cjanide required . Z3.3 „ 21.7 „ ZI.4 ., 21.4 „ 
These show that large variations in bulk must be avoided. 
Effect of Varying Ammonia. — The quantities of copper and 
acid were the aaifie as in the series of experimenta last noticed. 
The bulk was 200 c.c. The results were : — 

Dilute ammonia . 20-0 c.c. 30.0 c.c. 50.0 o.c. loo.o c.o. 
Cjanide required 20.9 „ 21.7 „ 22.3 „ 24.6 » 
Effect of Varying Acid. — The quantities of copper and 
waier were the same as in the last-noticed set of experiments: 
30 c.c, of dilute ammonia were used. 

Nitric scid , . .5.0 c.c. lo.o c.o. 15.0 0.0. 

Cjimide required ■ . 21-6 „ 21.7 „ 21.5 „ 




^ 



On adding nitric acid to the solution it combines with a portion 
of the naimonift to form ammooic nitrate ; it will be seen from 
the last series of experiments that the lessening of the amount of 
free ammonia will decrease the quantity of cyanide required; 
but, on the other hand, the ammonia nitrate which is at the 
same time formed will increase the amount required ; under the 
conditions of the assay these two effects neutralise each other, 
and such differences in the quantity of acid as are likely to occur 

£erect of Varying Ammonio Salts. — The quantities of 
copper, wat^r, and ammonia were the same as in the last men- 
.tioned set of esperiments, but no nitric acid was used. 

Ammonic nitrate added I giam 5 grams 10 grams zo grams 
Cyanide required . . 31.2 c.c. zj.t c.c. 23.1 c.c. 24.1 c.c. 

These show that combined ammonia seriously affects the titra- 
tion, and that the principle sometimes i-ecommended of neu- 
tralising the acid with ammonia, and then adding a constant 
quantity of ammonia, is not a good one, because there is then an 
interference both by the ammonia, and by the variable quantity 
of ammonic salts. 

The same quantity of combined ammonia has the same effect, 
whether it is present as sulphate, nitrate, chloride, or acetate, as 
the following esperiments show. Four lots of so c.c. of " copper 
nitrate" were taken, and zoc.c. of dilute ammonia added to each. 
These were carefully neutralised with the respective acids, ren- 

Ci alkaline ■with 30 c.c. more of ammonia, cooled, diluted to 
, and titrated. The results were : — 
With snlphnrio acid . . . 22,5 c.c. of ovanide 
Sbot of Foreign Salts. — Sulphates, nitrates and chlorides of 
im or pota.'isium have no action, whilst the hydrates, carbo- 
nates, bicarbonates, sulphites, and nitrites have nn important 
effect. The interfei-ence of ammonic salts has already been shown. 
Salts of silver, zinc, and nickel react with cyanide just as 
copper does, and consequently interfere, ■ Ferrous snlts are sure 
to be absent, and ferric salts yield ferric hydrate with the am- 
monia, which 18 not acted on by the cyanide, but, owing to its 
bulkiness, it settles slowly; this lengthens the time required 
for titration, and so modifies the manner of working. An assay 
should Tiot be worked mitk ferric hydrate present, itnless t/ie standard 
contains about the same amount of it. On mines it is often in- 
convenient to separate the copper by means of sulphuretted 
^abydrogen; hence it is customary to titrate witliimt previous 



With snlplinrio acid 
hydrochloric Bci 
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separation. In this case, instead of standardising the cyanide wiUi 
electrotype copper, a standard ore should be used. This should 
be an ore (of the same kind aa those being assayed) in which the 
copper has been carefully determined. 

Effeot of Varying Copper. — In these experiments lo o.c. of 
nitric acid, 30 c.c. of ammonia, and water to 200 c.c. were used. 
1.0. ao.Q o.c. 50,0 O.C. 100.0 OA 



0.7 „ 



S4'S . 



These results show that under the conditions laid down the 
various causes of disturbance nearly neutralise one another, and 
the results within a fair range are practically proportionai. 

Botermination of Copper in Copper Fyrites. — Weigh up 
2 grams of the dried and powdered ore, and place in an evaporat- 
ing dish about four inches in diameter. Cover with ao c.c. of nitric 
acid and put on a hot plate. Evaporate to dryness without 
further handling. AJlow to cool and take up with 30 c.c. of 
hydrochloric acid, boil, dilute, and transfer to a pint flask, filtering 
if necessary. Maie up the bulk with the washings to about 
150 c.c. Precipitate with sulphuretted hydrogen, filter, and wash 
back the precipitate into the Uask. Add 15 c.c. of nitric acid, 
and boil down rapidly to 10 c.c. Dilute, add 30 c.c. of dilute 
ajnmonia, make up to 150 c.c, and cool. For the standard, weigh 
up 0.5 gram of copper, more or less, according to the quantity 
judged to be present in the assay. Dissolve in 20 c.c. of dilute 
nitric acid, boil ofi' nitrous fumes, add 30 c.c. of dilute ammonia, 
make up to the same bulk as that of the assay, and cool. Titrate 
the two solutions side by side and as nearly as possible in the 



Since the assay solution is often turbid from the presence of 
small quantities of lead and of iron from incomplete washing, 
and since this slight precipitate is very slow in settling, the 
standard can hardly be compared strictly with the assay. This 
can be counteracted by precipitating in both solutions a mixture 
of ferric and aluminic hydra.tes, which settles readily and leaves 
the superiw.tant liquor clear. To efiect this, boil the nitric a<ad 
solutions with 30 c.c. of a solution containing 15 grams each of 
alum and ferrous sulphate to the litre. In an actual determina- 
tion 2 grams of the ore were taken and compared with 0.5 gram 
of copper. The assay required 57.7 c.c. of cyanide and the 
standard 52.5 c.c. 

52.5 : 0.5 :: 57.7 : 0.5495 



This on 2 grams of ore = 27.47 P^i' cent j the s; 
electrolysis gave 27.150 per cent, of copper. 



e sample by 
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UeterminBtion without FreTioua Separation. — Dissolve 

■up 2 giama as before, but, instead of passing sulphuretted 
hydrogen, add 30 c.c. of dilute ammoaia, shake well, and cool. 
Prepare a standard by dissolving 0.5 gram of copper in 1 c.c. of 
nitric acid, add 0.6 gram of iron in the form of ferric chloride 
and zo c.c. of hydrochloric acid, dilute to about 1 50 c.c, add 30 c.c. 
of dilute ammonia, and cool. Titrate the two solutions aide hy 
side. In a determination on the sample last used, 58 c.c. were 
required for the assay and 53 c.c. for the standard, which indicates 
27.3 per cent, of copper. 

This method of working is somewhat rough. 

IODIDE UETHOD. 

This is based upon the fact that when potassic iodide in excess 
is added to a strong solution of a cupric salt in a faintly acid 
solution, cuprous iodide is formed and an equivalent of iodine 
liberated.* The iodine is measured by titrating with a solution 
of sodium hyposulphite, t using starch paste as indicator. The 
iodine is soluble in the excess of potafisium iodide, forming a deep 
trown solution ; the hyposulphite is added until this brown colour 
is almost removed. Starch paste is. then added, and strikes with 
the remaining iodine a dirty blue colour. The addition of the 
*' hypo" is continued until the blue €»lour is discharged. The end 
reaction is sharp ; a, drop is sufficient to complete it. 

As regards the titration, the process leaves little to be desired ; 
the quantity of "hypo" required is strictly proportional to the 
copper present, and ordinary variations in the conditions of work- 
ing are without etlect. The presence of salts of bismuth masks the 
end reaction because of the strong colour imparted to the solution 
by the iodide of bismuth. Under certain conditions there is a 
return of the blue colour in the assay solution after the finishing 
point has apparently been reached, which is a heavy tax on the 
patience and confidence of the operator. This is specially apt to 
occur when sodium acetate is present, although it may also he due 
to excessive dilution. 

The standard " hypo" solution is male by dissolving 39.18 
grams of the crystallised salt {Na^SjOpsHjO) in water and 
diluting to one litre. One hundred c.c. will equal one gram of 
copper. 

The starch solution is made hy mising i gram of starch into a 
thin paste with cold water, pouring it into 200 0.0. of boiling 

• aCuSO, + 4KI = CVi + 2I + zK^O,. 
t 3Na^,0, + 2I = aNal + Na^jOr 
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'water, and coDtinuing the boiling for a minute or bo. The ado- I 
tion must be cold before use, and about z c.c. is used for e 

It should not be added uutil the bulk of the iodine has 
been reduced. 

To standardise the "hypo," weigh up 0.3 or 0.4 gram of pure 
copper, dissolve in 5 c.c. of dilute nitric acid, boil off nitrous fumes, 
and dilute withanequalbulkof cold water. Add "soda" solution 
until a permanent precipitate is obtained, and then i c.c. of a4»tio 
acid. This should yield a clear solution. Fill an ordinary burette 
with the " hypo." Add 3 fframs of potassium iodide crystals t» 
the copper solution, and, when these are dissolved, dilute to loa 
c.c, with water. Run in the " hypo " solution rather quickly un^ 
the brown colour ia nearly discharged — i.e., to within 3 or 4 cc of 
the finish. Add 2 c.c. of the starch solution, and continue the ad- 
dition of the " hypo " a few drops at a time until the tint suddenly 
changes to a cream colour. The blue colour must not return on 
standing three or four minutes. Calculate the standard in the 
usual way. 

In a-ssaying ores, the copper is dissolved and separated with sul- 
phuretted hydrogen as in the other processes, but the sulphide 
should be washed more com.pIetely to ensure the absence of iroa 

The following experiments show the effect of variation in the 
conditions of the assay. Use a solution of copper sulphate con- 
taining 39.38 grams of copper sulphate crystals (CuSO,.5H,0) 
in the htre. loo c.c. equal i.oo gram of copper. 

Effect ofVaryiiig Temperature. — The assay after the addt 
tion of the putassic iodide must be kept cold, else iodine may be 
volatilised. 

Effect of Varying Potassium Iodide. ^In various descrip- 
tions of the process the amount of iodide required ia variously 
stated at from "a few crystals" to as much as 10 grams. The 
proportion required by theory for 1 gram of copper is a. little over 
5 grams : an excess, however, is required to keep the liberated 
iodine ia solution. On economic grounds this excess should not be 
extravagant ; if the student uses 10 paints of the iodide for each 
part of copper in the assay he will have sufficient. In the experi- 
ments there were used ao c.c, of the copper sulphate, with varying 
amounts of potassic iodide, and the following results were got : — 



1.; gram 



5 grama 



In these the iodi 
the copper, which \ 



i was added direct to the solution containing 
B afterwards diluted to 100 c.c. and titrated. 



Jn another series the iodide was added after the dilution to 
too cc, and the results were : — 

Fotassic iodide added 1.5 gram 3 grama 5giams lo grams 



" Hypo " required 
Effect of Varyiiig Bulk. — In theae experiments, zo cc. of 
copper sulphate were taken, 3 grams of potassic iodide added, and 
tJso water to the required bulk. 

Sulk , , . . 20.0 CO. lOO.O cc 200.0 0.0. 50O1O CO. 

■' Hjpo " required . 20.0 „ 20.0 „ 20.0 „ 19.9 ,. 
In the last of these experiments the colour was dLschnrged at 
i8cc., but gradually returned until 19.9 cc. had been run in. It 
will be seen that considerable variation in bulk does not interfei-e. 

Effect of Acetic Acid. — These experiments were like the 
Inst series mentioned, but the bulk was 100 cc, and varying 
amounts of acetic acid were added. 

Acetic acid added . o cc. 1.0 cc. g,o cc. 10,0 0,0. 20,0 cc 




Acetic acid, then, does not interfere to any serious extent. 

EfiFbct of Varying Sodium Acetate. — These experiments 
Were like those last mectioned, but without acetic atid, and with 
.Tarj-ing amounts of sodium acetate. 

Sodiam acetate added . o gram 1 gram 2 grama 5 grams 10 grams 
"Hypo" required . . 20.00,0. 20.0 cc 20.2 c.c 19.3 c.c 18.2 cc 

In the s grams experiment, when the finishing point had been 
apparently reached the colour slowly returned ; but as the results 
genei-ally on titrating were not satisfactory a repetition of the ex- 
periment was made with the addition of 5 cc, of acetic acid, which 
gave an equally bad result. 

Effect of Foreign Salts. — ^The conditions of these experiments 
were the same as before. The salts were added and dissolved be- 
fore the addition of the potassium iodide. TJsing 5 grams (or in 
the case oE the acids, 5 c.c), the results were as follows; — 
dilute Acetic 
Salt adc^ed . — H^O, acid NaAc NaCl , 

"Hypo '■ required 20.0 cc ao.oc.c zo.io.c. 19.3 cc 20.10.C. 
Salt added . ENO, Nfl^O. AmCl AttjjSO, 

" Hypo " reqaired 20.2 o.c. 13.7'c.c. 20.0 c.c. 19.5 c.c 

The low result with the sulphate of soda was evidently due to 
the formation of a sparingly soluble double salt, which renioved 
oopper from the solution; on adding a Uttle acetic acid the full 
amount of " hypo" was required. The effect of the presence of 
certain metals is important. The method of determining it was 
to add the substance to the solution containing the copper, and 
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partly precipitate ivith soda solution ; then treating with i 
of acetic acid, adding the iodide, and proceeding as before. 

SubiUoce Added. " lljpo " Hcqnircd. 





ao5o gram arsenic as AfjOj .... 20.0 „ 
0.050 „ antimony as febClj , . , 19,8 „ 

0.050 „ lead as Pb|NOj), , . . , 20.1 „ 

A Bimilar experiment with 0.050 gram of bismuth nitrate could 
not be determined, the end-reaction being masked. Bismuth iodide 
ia soluble in potassic iodide, forming a brown solution, the colour of 
which in very similar to that produced by iodine ; and althoiigh 
it does not strite a blue colour with starch, "hypo" has an action 
on it. 

A similar experiment with 0.050 gram of iron as ferric chloride 
required 22.3 c.c. of " hypo," iwid the colour returned on standing. 
This shows that ferric acetate liberates iodine under the conditious 
of the assay. Trying to counteract this, by adding to a, similar 
solution 0.5 gram of phosphate of soda dissolved in a little 
water, 19. 7 C.C. of "hypo" were required instead of 20.0, but the 
assay showed signs of returning colour. 

In standardising, the same result was obtained, whether 43ie 
copper was present as nitrate or sulphate before neutralising. 

Effect of Varrying Copper. — With the same conditions as 
before, but with varying amounts of copper and a proportionally 
increasing quantity of iodide, the results were : — 

Copper present . i.o c.c. lao c.c 20.0 c.c. 50,0 0.0. 100,0 cjv 

"Hypo" reqaired . i.o „ 10,0 „ 20.0 „ 50.0 „ loco „ 
showing the results to be exactly proportional.* 

Determination of Copper in Copper Pyrites. — Take a 
grains of the dried and powdered ore and treat in a porcelain dish 
with ZD c.c. of nitric acid, and evaporate to dryness. Take up with 
30 c.c. of hydrochloric acid, dilute, and transfer to apint flask; make 
up with water to 200 c.c, warm, and pass sulphuretted hydrogen 
to excess. FUter, and wash the precipitate with water acidified 
with sulphuric acid. Wash the precipitate back into the flask, 
and dissolve with ig c.c. of nitric add. Evaporate almost to dry- 
ness ; add 20 c.c. of water, and boil till free from nitrous fumes; 
filter off the sulphur and gangue ; neutralise with soda, avoiding 
excess ; add i or z c.c. of acetic add, and shake till cleaj-. Add 5 
grams of potassium iodide, dilute to 100 c.c, and titrate. The fol- 
lowing is an example : — 

o.J gram of copper required , . . 50.5 c.c. "liypo," 
The assay required .... 55.6 „ „ 

which is equal to 27.5 per cent, of copper. 

• For further information, see Appendix E., and a paper by J. W. Weat- 
moreiand, Journal of the Society of Ckemieal Inituslri/, vol, v. p, 48. 
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OOLOBIMETBIC PROCESS. 

This is based on the blue coloration of ammoniacal copper 
solutions. The quantity of copper in 100 c.c. of the assay solution 
should not be more than 15 milligranis, or less than half a milli- 
gram. It is not so delicate as most other colorimetric methods, 
but nevertheless is a very useful one. 

The manner of working is the same as that described under 
iron. 

Standard Copper Solution. — ^Weigh up 0.5 gram of electro- 
type copper, dissolve in 10 c.c. of nitric acid, boil oj^ nitrous fumes, 
and dilute to i litre, i c.c. = 0.5 milligram. 

In nearly all cases it will be necessary to separate the copper 
with sulphuretted hydrogen from a solution of about 5 grams of the 
material to be assayed. The filter paper containing the sulphide 
(and, probably, much sulphur) is dned and burnt. The ashes are 
dissolved in 5 c.c of dilute nitric acid, 10 c.c. of dilute ammonia 
added^ and tlie solution filtered through a coarse filter into a. 
Nessler tube, washing the paper with a little dilute ammonia. 

The estimation of the colour and calculation of the result are- 
made in the way described on page 44. 

. The effect of varying conditions on the assay may be seen from* 
t^e following experiments. 
^ EfTect of Varying Temperature. — The effect of increased^ 
temperature is to slightly decrease the colour, but this can only 
be observed when a fair quantity of copper is present. 

I.O cc. at 15* showed the colour of i.o c.c. at 70° 

\ 2.5 )> iy }) )) 2.7 }} 

5*o »} i> >i » 5*^ »» 

lO'O „ ,t ft „ 9.0 „ 

Effect of Varying Ammonia. — The solution must, of course, 
oontain free ammonia; about 5 cc. of dilute ammonia in 50 cc. 
bulk is the quantity to be used in the experiments. A lai'ger 
quantity affects the results, giving lower readings and altering 
die tinlb. . With small quantities of ammonia the colour approaches 
a violet ; with larger, a sky-blue. 

2.5 cc. with 25 cc. of strong ammonia read 2.2 cc 
5*® » »> »» »» " 4«o »» 

lO.O „ „ „ ,) I, 0.0 ,; 

Effect or Ammonic Salts. — ^The following table shows the 
results after addition of ammouic salts : — 
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The student must be careful not to confuse the colour oF &a 
bismuth iodide with that of free iodine. If the yellow colour is 
removed by boiling and returns on standing it is due altogether 
to iodine ; if it is lessened by the addition of a few drops of the 
dilute sulphurous acid, it is in part due to it. Hence the neces- 
sity of having a little free siilpburous acid in each tube. A 
strong aolutioQ must not be used, since it liberates iodine from 
potassium iodide. 

The following experiments illustrate the effect of variation in 
the conditions of the assay : — 

Effect of Varying Temperatiiro. — At a higher temperature 
the colour is somewhat " 



1.0 CO. at 15= C. showed the coloar o£ o.S c.c 


S.o .. ,. 


5-° 


Effect of Free Acid.— 




2.SC.0. "ithsc.o. of 


itric acid equalled 
ulphuric acid „ 



It 70° a 



s-o ,. 



I 



Hydrochloric acid almost completely removes the colour, which, 
however, is restored by the addition of a few crystals of potassium 
iodide. 

Effect of Alkalies. — Ammonia, soda, or potash destroys the 
colour, but it is restored on acidifying with nitric or sulphuric 

Effect of Ammouic Salts.— The following table shows the 
results after addition of ammonic salts : — 



C.C preiont. 


Amnonlc^Unte. 




A,SiL°c" 


"™dfc 




2.5 : 
5-0 „ 


0.9C.C. 
2.5 .. 
5.0 „ 


Z.7 .. 

1 s-s .. 







Ammonic chloride, like hydrochloric acid, removes the colour, 
which may be restored on the addition of more potassium iodide. 
Nitrates and sulphates do not thus interfere. 

Effect of Foreign Salts. — Sodic hyposulphite almost com- 
pletely remove.i the colour. Copper salts liberate iodine ; but 
when this has been removed by boihng and the cuprous iodide 
has been filtered off there is 1^0 further interference. Silats 
solutions of lead salts give no colour. 
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EZAMIITATIOn OF COMMERCIAL COFFEB. 

Very pure copper can be obtained in commerce, owing to the 
demand for metai of " higli conductivity " for electrical purposeH, 
whicb practically means for metal free from impurities. 

Much of the metal sold contains as much as oae per cent. 
of foreign substances, oE which arsenic is the most important. 
The other elements to be looked for are bismuth, lead, antimony, 
silver, gold, iron, nickel, cobalt, sulphur, and oxygen. In" blister 
copper" (which is the unrefined metal), aluminium, silicon, and 
phosphorus may be met with. 

Oxygen. — AH commercial copper carries oxygen ; most of 
it is present as cuprous oxide, which is dissolved by molten 
copper. The estimation of oxygen is often made " by difier- 
cnee," The copper and the other impurities being deter- 
mined, the rest is assumed to be oxygen. Probably this ia 
nearly correct, but the whole of the oxygen should not be 
ascribed to cuprous oxide ; for any arsenic the metal contained 
would be present as cuprous arsenite, since ai"senide 
copper and cuprous oxide could not exist together at the- 
temperature of fusion without interacting. In the report 
laiysis, it is best to state the pi'oportion oft; 



oxygen 



thu£ 



Oxygen per cent, by difference. 

There ia a method of determination by fusing 5 or 
gnuna in a brascjued crucible, and counting the Joss 
ojtygen ; and another method for the determination of c 
proua oxide based on the renction of this substance with nitrate 
of silver.* About s grams of silver nitrate, dissolved in i 
c.c. of water, is allowed to act upon 1 gram of the copper 
the cold. The precipitate ia filtered off, washed thoroughly 
with water, and the bnsic salt dissolved and determined colori. - 
metrically. 

One part of copper found represents 1.68 part of cupronfc. 
oxide, or o.ig part of oxygen. Copper genei'ally carries from^ 
D. I to o.i per cent, of oxygen. 

Silver ia found in most samples, hut occurs in variable propoi^ 
tions ; when it amounts to 30 ounces per ton it has a cotnmerciali 
value. To determine its amount, dissolve 10 grams of the copper 
in 35 c.c. of nitric acid and 50 c.c. of water, boil off nitrousfumet 
and dilute to about 100 c.c. One or two c.c. of dilute hydrc 
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chloric acid (one to loo of water) are added, stirred in, and the 
precipitate allowed to settle for twenty-four hours. Filter through 
a double Swedish paper, dry, burii, and cupel the ashes -with one 
gram of sheet lead. 

Ten grams of a sample of copper gave in this way 4. 7 milligrama 
of silver. Ten grama of the same copper, to which 24 milligramH 
of silver had been added gave 28.2 milligrams. 

Qold. — To determine it, dissolve 10, ao, or 50 grams of the 
sample in 35, 70, or 175 c.c. of nitric acid and an equal volume of 
water, boil till free from nitrous fumes, and dilute to double its 
volume. Allow to stand for some time, decant on to a filter, dry, 
bum, and cupel the ashes with i gram of sheet lead. If silver is 
present, owing to traces of chlorides in the re-agents used, 
" parting" will be necessary. (See Gold.) 

Working in this way on 20 grams of copper, to which 1.8 mil- 
ligram of gold had been added, a button weighing 2.0 milligrama 
was obtained. 

Antimony is not a frequent impurity of copper : it pi\ n be 
detected in quantities over o.i per cent, by a white i-esidue of 
Sb,0,, insoluble in niti-ic acid. With material containing only 
sniall quantities of antimony the white oxide does not show iteelf 
for some time, hut on long-continued boiling it separates as a fine 
powder. It is best (when looking for it) to evaporate the nitrio 
acid solution to the crystallising point, to add a little fresh nitric 
add and water, and then to ater off the precipitate. After 
weighing it should be examined for arsenic and bismuth. 

Ijead. — Befined coppers are often free from lead, anything 
more than traces being seldom found ; in coarse coppers it is somfr 
times present in considerable quantities. 

Its presence may be detected in the estimation of the copper elefr 
trolytically, the platinum spiral becoming coated with a brown or 
black deposit of lead dioside. The depth of colour varies with &a 
lead present, and obviously could be made the basis of an approxi- 
mate estimation. The colour shows itself within an hour or bo^ 
but is best observed when all the copper has been deposited. 

Electrolysing a solution of one gram of pure copper, to which 0,5 
milligram of lead had been abided, the deposit was dark brown; 
in a similar solution with i milhgi'am of lead it was much darker, 
and with a milhgrams it was black. Under the conditions of the 
assay the dioxide cannot be weighed, as it partly dissolves on 
breaking the current. When lead has been found, its quantity 
may be estimated by evaporating to dryness the nitrio add 
solution to which an excess of sulphuric add has been added, 
taking up with water, and filtering ofF and weighing the lead 
sulphate. 
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The separation of traces of lead as chromate is a fairly good 
one. Dissolve 5 grams of the copper in 17 c.c. of nitric acid and 
an equal volume of water ; boil off nitrous fumes, neutralise with 
fioda, and afterwards acidulate with acetic acid ; and dilute to a 
litre. Add 20 grams of sodium acetate, warm, and precipitate 
the lead with a dilute solution of potassium chromate. Copper 
chromate (yellow) may be at the same time thrown down, but it 
is readily soluble on diluting. Filter oS the precipitate ; wash it 
into a beaker and pass sulphuretted hydrogen ; oxidise the sul- 
phide and weigh as lead sulphate. Treated in this way 5 grams 
of copper yielded sulphate of lead equal to 2.0 milligrams of lead. 
Five grams of the same sample to which 10 milligrams of lead 
were added gave 11.4 milligrams. 

Kickel and Cobalt. — Nickel is always present in larger or 
smaller quantities in commercial copper, and, perhaps, has an 
influence on the properties of the metal. It is determined as 
follows : — Dissolve 10 grams of the copper in 35 c.c. of nitric 
acid and an equal bulk of water, boil off nitrous fumes and 
neutralise with soda, add 2 grams of carbonate of soda dissolved 
in water, boil, and filter. Acidify the filtrate with 2 or 3 c.c. of 
dilute nitric acid and dilute to i or i^ litres. Pass sulphuretted 
hydrogen through the cold solution till the copper is all down and 
the liquid smells of the gas. Filter and evaporate the filtrate to 
a small bulk, and determine the nickel by electrolysing the 
solution rendered ammoniacal, or by precipitating as sulphide 
and weighing as sulphate. (See under Nickel,) The precipitate, 
after weighing, should be tested for cobalt. If present it is 
separated with potassium nitrite as described under Cobalt. Ten 
grams of copper gave 6.0 milligrams of nickel ;• and another lot 
of 10 grams of the same copper, to which lo.o milligrams of 
nickel had been added, gave 17.2 milligrams. 

Sulphur. — The amount of sulphur in refined copper is very 
small, seldom exceeding 0.005 per cent. In coarse copper, as 
might be expected, it is found in larger quantities. 

In determining it, it is first converted into sulphuric acid, 
and then precipitated and weighed as barium sulphate. The pre- 
cipitation cannot be effected from a nitric acid solution. Ten 
grams of copper are dissolved in nitric acid, as for the other deter- 
minations, and then boiled with excess of hydrochloric acid till 
the nitric acid is completely removed. There is then added a few 
drops of a dilute solution of baric chloride, and the solution is 
allowed to stand for some hours. The baric sulphate is filtered 
off and weighed. 

The necessity for precipitating from a hydrochloric acid solution 
is seen from the following determinations. In each experiment 
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lo j^ius of copper WAS used, and a known weiglit of 
in the form of copper sulphate, addeii. 




SolpLur added. 


EulpliDT fwind in llrdro- 
tlrluncAildSululioIi. 


Sulp1wf.iuodinKhrio 


Smilligiama 
'5 " 


8 milligiama 
17 " 


0.03 nillipraras 



Bismuth. — Nearly all Eamplea of copper contain bismuth, 
but only in smail quantities. It is best detemiined colorimetricaliy 
as described under Bismuth. The method of concentmting and 
preparing the Bolution for coloiimetric assay is as follows. Dis- 
solve 10 grams of copper in nitric acid, as in the other deter- 
minations; neutralise with soda; add i or 1.5 grams of bicar- 
bonate of soda and boil for ten minutes ; filter, dissolve the pre- 
cipitate in hot dilute sulphuric acid ; add sulphurous acid and 
potassium iodide in Bxcess, and boil till free from iodine. Filter 
and dilute to 500 c.c. Take 50 c.c. of the yellow solution for 
the determination. A few c.c. oE a dilute solution of sulphurous 
acid (i in 100) will prevent the liberation of iodine. The follow- 
ing experiments test the method of separation. Ten grams of 
copper were treated as above and precipitated with 1.5 gi'ara of 
" soda ; " the precipitate contained 0.6 milligram of bismuth 
( = 0.006 percent.). The filtrate treated with another 1.5 grninof 
" Boda " gave a precipitate which was free from bismuth. To the 
filtrate from this was added i.o milligmm of bismuth, and 
another fraction was precipitated with 1.5 gram of " soda." In 
this precipitate was found I.o milligram of bismuth. To the 
filtrate another miiligram of bismuth was added and the separation 
irith " Boda " repeated. The bismuth was separated from this 
precipitate with ammonlc carbonate before determination, and 
o.g milbgram was found. 

Arsenic. — The proportion of arsenic in copper varies from 
o.Di to 0.75 per cent, whilst in coarse copper it may amouatto 
3 or even 3 per cent. To determine it, dissolve 5, 10, or 20 graM& 
of the copper (according to the amount of ai-senic present) ia 
i3 c.c, 35 CO., or 70 c,c. of nitric acid, and an equal volume of 
water. Boil off the nitrous fumes, dilute to 100 c.c. and neutra- 
lise with soda ; add 1.5 or 2 grams of carbonate of soda dissolved 
in a Uttle water, and boil. Filter (washing is unnecessary) and 
dissolve back into the flask with a little dilute hydrochloric add ; 
add 30 c.c. of dilute ammonia and 35 c.c. of "magnesia mixture," 
and allow to stand overnight. The whole of the arsenic is pre- 
cipitated as ammonic-magnesic arsenate in one hour, but it ia 
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advisable to leave it longer. The precipitate may be dried and 
weighed, or, better, titrated with uranium acetate. (See Arsenic.) 
To test this method of separation 10 grams of pure copper were 
taken and 0.200 gram of arsenic dissolved with it. The 
arsenic was determined by titration with uranium acetate, and 
0.200 gram was found. Two other similar experiments with 0.080 
and o.oiogram of arsenic added, gave 0.079 ^^^ 0.012 gram re- 
spectively. 

Antimony or bismuth may be present without interfering with 
the titration. With o.ioo gram of antimony and o.ioo gram ol 
arsenic, o.ioo gram of arsenic was found ; and in another case, 
with o.ioo gram of bismuth and 0.060 gram of arsenic, 0.060 gram 
was found. In these experiments the antimony and bismuth 
were present in the assay solution when titrated. For a gravi- 
metric determination they would require to be removed before 
precipitating with " magnesia mixture." 

Phosphorus, if present, counts as arsenic in the proportion of 
I to 2.4 ; but, except in the case of coarse coppers, it is always. 
absent. 

Iron, if present, interferes by forming a white flocculent pre- 
cipitate of ferric ai'senate after the addition of the sodium acetate 
and preliminary to the titration. Each milligram of iron abstracts, 
in this way, 1.3 milligrams of arsenic. 

Iron. — Kefined coppers carry traces of iron, varying from 
0.00 1 to 0.0 1 per cent. It is best determined during the arsenie 
estimation. The precipitate of the ammonic-magnesic arsenate 
will contain the whole of the iron as ferric hydrate. On dissolv- 
ing in hydrochloric acid, neutralising with ammonia, adding 5 c.c. 
of sodic acetate, diluting, and boiling, it reappears as a white 
precipitate of ferric arsenate. It is filtered off (the arsenic being 
estimated in the filtrate), dissolved in warm hydrochloric acid, 
and determined colorimetically as described under Iron, A serief*^ 
of experiments testing the separation is there given. 

Phosphorus. — Refined coppers do not carry phosphorus,, 
although it may be present in " coarse copper " up to i per cent. 01* 
more. In such samples the following method is adopted for the 
estimation of both phosphorus and arsenic. Dissolve 10 grams 
of copper and o.i, 0.2, or 0.3 gram of iron wire (according to 
the amount of arsenic and phosphoi-us present) in 35 c.c. of nitric 
acid and an equal volume of water. Add soda till the free acid 
is nearly neutralised. Next add a strong solution of sodiuni 
acetate, until the solution ceases to darken on further addition, 
then dilute with water to half a litre. The solution is best con- 
tained in a large beaker ; it is next heated to the boiling point, 
and at once removed and allowed to settle. If the precipitate is- 
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light coloured it is evidencQ that eufEcient iron has not been 
added, or, if it is green, from basic copper salts, it shows that the 
solution was not sufficiently acid, Iq either case staxt afreah. 
FOter off the precipitate and wash with hot water containing 
a little sodium ncetat«, dissolve it off the filter with hot dilute 
hfdrcKhloric acid, add ammonia iu excess, and pass sulpharetted 
hydrogen for five minutes. Warm at ahout 70° C. for a quarter 
of an hour. Filter. The cleai' yellow filtrate contains ihe 
arsenic and phosphorus. Add dilute sulphuric acid in excess; 
filter off the yellow precipitate of sulphide of arsenic, dissolve it 
in nitric acid, and titiute with uranium acetate, as described undei 
Arsenic. 

The filtrate from the sulphide of arsenic is rendered alkaline 
with ammonia and " magnesia mixture " added. The solution is 
stirred, and allowed to stand overnight. The precipitate oi 
Jkmmonic-magnesio phosphate is filtered off, dissolved, and titrated 
mth uranium aceto,te, using the same standard solution as is 
used in the arsenic assay: 0.5 gram of arsenic equals 0.Z07 gram 
of phosphorus. 

Copper, — The method of determining this has been described 
under Electrolytic Asmy. 

In the method of concentration by fractional precipitation with 
Godic carbonate {which is adapted in most of these determinations) 
the precipitate will contain all the bismuth, iron, and alumina; 
the arsenic and phosphorus ils cupric arsenate and phosphate ; and 
the greater part of the lead, antimony, and silver. The nickel 
and cobalt, and the sulphur as sulphuric acid, will remain in 
fiolution with the greater part of the copper. 

PEACTICAL EXERCISES. 



D a litre 



i. of the Eolutiou be eqiuTa- 



>e7 
%. A stnndiiTd solution is 
Cjanide and diluting 
cent, reul (cyanide, what 
lent to in grams of coppc 

3. How would you mnke a solution of "hypo "of snch strength that 

100 CD. shall eqnal 0.633 gram of copper ! 

4. Wliat weight of ore, containiag 17.0 per cent, of copper, would you 

take in order to get about 0.5 gram of copper in solution fot 
electrolysis ? 

5. The solution of copper in nitric acid ia effected by tbe following 



3CU + 8HN0, = 3Cu(N0,), + 4H,0 + sNO. 
Wliat volumo of oitrio acid wiO be reqnired to dissolve i gram of 
copper? 
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LEAD. 

The chief ore of lead is galena, a sulphide of lead, common in 
most mining districts, and frequently associated with blende and 
copper-pyrites. It always carries more or less silver ; so that in 
the assay of the ore a silver determination is always necessary. 
Carbonate (cerussite), sulphate (anglesite), and phosphate (p3n'o- 
morphite) of lead also occur as ores, but in much smaller 
quantities. 

Lead ores are easily concentrated (owing to their high specific 
gravity, &c.) by mechanical operations, so that the mineral matter 
sent to the smelter is comparatively pure. 

Lead is readily soluble in dilute nitric acid. The addition of 
sulphuric acid to this solution throws down heavy, white, and 
insoluble lead sulphate. 

Galena is soluble in hot hydrochloric acid, sulphuretted hydrogen 
being evolved ; but the action is i-etarded by the separation of the 
sparingly soluble lead chloride. If a rod of zinc is placed in this 
solution, metallic lead is precipitated on it as a spongy mass, the 
lead chloride being decomposed as fast as it is formed. The 
opening up of the ore is thus easily effected, the sulphur going 
off as sulphuretted hydrogen, and the lead remaining in a 
form easily soluble in dilute nitric acid. Galena itseK is readily 
attacked by nitric acid, part of the lead going into solution, 
and the rest remaining as insoluble lead sulphate. The sulphate 
is due to the oxidation of the sulphur by nitric acid ; its amount 
will vary with the quantity and concentration of the acid used. 
Sulphate of lead is soluble in solutions of ammonium or sodium 
acetate ; or it may be converted into carbonate by boiling with 
carbonate of soda. The carbonate, after washing off the sulphate 
of soda, dissolves easily in nitric acid. The precipitation of lead 
from acid solutions with sulphuric acid, and the solubility of the 
precipitate in ammonium acetate, distinguishes it from all other 
metals. The addition of potassium chromate to the acetate solu- 
tion reprecipitates the lead as a yellow chromate. 

DRY ASSAY. 

The dry assay of lead is largely used, but it is only applicable 
to rich or concentrated ores, and even with these only gives 
approximate results. Both lead and lead sulphide are sensibly 
volatile at a moderately-high temperature ; hence it is necessary 
to obtain a slag which is easily fusible. As a reducing agent iron 
is almost always used, and this is added either in the form of an 
iron rod, or the crucible itself is made of this metal. The flux 
used is carbonate of soda. 
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"Wlien a clay crucible ia used, the method of working' is as 
follows : — Weigh up 25 grama of the dry and powdered ore, mix 
with an equal weight of "soda" and 2 grams of tartar; place in 
a crucible (E. Batten^iea round), and then insert a piece of iron 
rod about half an inch in diameter, and of such a length that it 
will just allow the crucible to be covered. The rod should be 
pushed down so as to touch the bottom of the crucible, and the 
mixture should be covered with a sprinkling of boi'ax. Place in a 
furnace heated to, but not above, redness, and cover the crucible. 
In about twenty minutes the charge will be fused ; the fusion is 
complete when bubbles of gas are no longer being evolved; and 
then, but not till then, the iron is withdrawn, any adhering buttons 
of lead being washed off by dipping the rod a few times in the 
slag. Oover the crucible, leave it for a rainute or two, and then 
ponr. Detach the slag, when cold, by hammering. The weight 
of the button multiplied by 4 gives the percentage. The com- 
inoner errors of students in working the process are too high a 
temperature and too quick a withdrawal. 

A sample of ore treated in this manner gave on duplicate assay 
17.5 and 17.6 grams of lead, equalling 70.0 and 70.4 per cent. 
KSpectively. Ey wet assay the sample gave 73.3 per cent. Using 
an iron crucible, the results will be i per cent, or so higher. The 
crucible must be made of wrought iron ; and, if it has been pre- 
viously used, should be cleaned by heating to dull redness and 
scraping the scale oET with a stirrer. Take 30 gi'aras of the ore, 
mix with 30 grams of "soda" and 3 grama of tartar; put the 
mixture in the crucible, and cover with a sprinkling of borax; 
heat for about twenty miuutts at not too high a temperature, 
and then scrape down the slag adhering to the side with n 
stirrer. Leave in the furnace till action has ceased. Before 
pouring, tap the pot gently, and then tilt it so as to make the 
Blag wash over the part of the enicible along which the charge is 
to be poured. Pour; and, when cold, clean and weigh the buttoD 
of metal. A crucible may be used from t«u to twenty times. 

These assays are for ores containing the lead chiefly as sul- 
phide. For oxidised ores, charcoal or tartar is employed as thft 
reducing agent. The student may practise on red lead as fol- 
lows: — Take 30 grams of red lead; mix with 10 grams each of 
borax and " soda " and about r.5 gram of powdered charcoal ; place 
iu a small clay crucible with a cover (C. Battersea round), fuse at 
a gentle heat, and pour when action ceases. This assay will only 
take a few minutes. 

Where lead is present as phosphate (as in the case of pyro- 
morpiiite), or mixed with phosphates (as sometimes happens), 
carbonate of soda is a suitable flux ; but the phosphate of sod& 
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which is formed makes a thick tenacious slag, which is very apt 
to be carried out of the pot by the escaping gas. A wide-mouthed 
clay pot is taken and a little fluor spar added. For the assay of 
pyromorphite the following charge maybe used : — Ore, 20 grams; 
** soda,'' 25 grams; tartar, 7 grams ; and fluor spar, 5 grams ; and 
2 grams of borax as a cover. This will melt down in about ten 
minutes, and should be poured as soon as tranquil. 

WET ASSAY. 

In the case of galena the best method of getting the lead into 
solution is to treat with hydrochloric acid and zinc. Put i gram 
of the ore in an evaporating dish 4 inches across, and cover with 
10 C.C. of dilute hydrochloric acid. Heat till the evolution of 
sulphuretted hydrogen becomes sluggish, and then drop in a piece 
of zinc rod. If the solution effervesces too strongly, dilute it. 
Continue the heating until the sulphide is seen to be all dissolved ; 
when the lead is all precipitated, pour off the liquid and wash 
twice with cold water. Peel off the precipitated lead with the 
help of a glass rod, and then clean the zinc Cover the lead with 
20 c.c. of water and 5 c.c. of dilute nitric acid, and heat gently 
till dissolved; all the lead will be in solution, and, when filtered 
off from the gangue, will be ready for a gravimetric determination, 
^or volumetric work this filtering is unnecessary. 

The chief objection to this method is that commercial zinc 
carries considerable quantities of lead. Although this can be 
determined and allowed for, the correction required is in most 
cases too large to be satisfactory. The following method is 
applicable in all cases, but is more troublesome : — fi-eat i gram 
of the ore with 10 c.c. of dilute nitric acid in an evaporating dish 
covered with a clock-glass, and evaporate till nearly dry. Take 
up with 50 c.c. of water, and add 10 c.c. of dilute sulphuric acid. 
Filter. The residue contains the lead as sulphate, together with 
the insoluble matter of the ore and globules of sulphur. Warm 
with a solution of ammonium acetate, and filter. The lead will 
be in the filtrate, and is recovered in a state fit for direct gravi- 
metric estimation by the addition of dilute sulphuric acid. If the 
volumetric method is to be used, the lead sulphate should be 
dissolved out with a solution of sodium acetate instead of with 
the ammonium salt solution. 

GBAVIMETRIC DETEBMINATION. 

The lead is separated and precipitated as sulphate, as already 
described. The solution must be allowed to stand, and the clear 
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liquid bn ilociintGi) through afilt^, l^amlcrtbepccc^Aii^aiil' 
wrmli wiLh very dilute Biilpburic add (i or x ca in roo ca «f 
ivnior), Tlio Acid must be complete]; renun^d with one <r hn 
wiu>1iri4 witli mM writer, and tben witb aindwd. The ndims rf 
)ii]iild n'qiiii'Gd for wcmjiing is smiiil, as the prcripitrte ia dam 
nu<l ni\«itv rlomiod ; hut tbe washing mnst, be carefollj done, anee 
ir liny iioid n<mi\ins it will, on drying, char the paper, and Roder 
(ibti Hiil»iii<|iuitttwnrk troiiblesoiue. Dty, tranter to a wateh-^us, 
mill liiii'U ilio lilli>r paper, collecting its asb ia a weaghed pocceluD 
(>t'WlUI<^ TIh' tiU(^r pitperniust be freed as much as possilde fnm 
1 lio li<nil Hiillibittn liiiforo burning, and the asb treated with a drop 
III' t\Vii of itilrlt' imd eiiljihuric ncids. Transfer the lead satphate 
111 tliii I'l'uoibK'; ih'nito yntly, keeping the temperatiir© below 
IImIum* : mill, and wcigb. Tbo precipitate will contain 73.6 per 
ii«i)t , i'( Iwd *ixiibi or 68.3 per cent, of lead. 

D«t«rwl»ittli>ii of Lead in Commercial Zinc. — Take 10 

Kl»Hli» i>f »iHP. and tnvit (without beating) with 60 c.c. of dilute 
^'th^nlbll■rit* Mi'td. When the line is nearly all dissolved, decant 
tilV (bn t'lwtr Umiiil, and disaiJlve the residue in 2 c.c. of dilute 
\\\M<-^ twill, Kvn)H>r»ttt loll mast of the acid is removed ; dilute to 
it* lit' 5^^ iMV with imtvT, and udd 10 c.c. of dilute sulphuric add, 
t>1Ut^t' iiA*. atid vnti^b th<i Iwd sulphate. Ten grnms treated in 
1'bU WMV |!HVt>— o.t6io gnuu of lend sulphate, equivalent to i.io 

VOLUHETRIO METHOD. 

'fW« U Wwn*! »»p>*n the reaction between chromate of polaah 
ttHti "kbil^bi U>«d aalta in itcutnO solutions, whereby .in insoluWe 
VWllv'W i4i>\>*>"»*'> iJf Wd U i*to*lHwd." An excess of tbe chromate 
W UH|uitvd tv \^>u>)<lvt«> tk» Twacttoo. so that tbe point at which an 
lUwiiH^V* *bvi\va Ibtf pttwwiw of undecomposed chromate cannot 
W MttUfuvtiM^ty t«kvu as 1b» fiuUb. Therefore an excess of the 
llUKiiuvit \>)\I\»uhIv uvust W ruu in. and such excess determined. 

I'blMHWtPk't' Wi* ia uo» prei'ipitated from strong nitric add 
tt^luilwiti and wi^ iVvwiplt-l^ly from dilute ones- Adds gener- 
ttlliy HKi \lvU'i»m>uUil to lb* prw«(«tatioo. and must be neutralised 
Wit'VV (itiatlu^ It tW KiMi b» pcwent as sulphate in sodie 
m<(i(i«it> niJiktuii, rt w wwU tt reader it distinctly alkaline with 

\,(im( o-i^-^uaW ^uvkHWftattfd in tb* cold is a bmon-yellow, Kght 

lawil'klilVi'. ^W.V lUidoifcU W lilfcv : oa heating to 40' C. the colour 

I \m l'i'tl'4*' ' *** ^' ^'- ^* «ssuB)i«« a deeper hue, and beeomea 



ind at a boiling tempei-ature it still further darkens 
and settles readily. Tliese changes in colour are not due to any 
chemical change, as will be seen by testing the filtrate for chromium 
or lead : this is an advantage to the assay", since it is only at the 
higher temperature that the precipitate can be easily filtered. 
The lead ia not completely precipitated, but the amount remain- 
ing in solution is only 2 or 3 milligrams, which is just BufEcient 
to give a dark coloration with sulphuretted hydrogen. 

The standard cliromate of potash aolulion is made by dissolving 
7.13 grams of bichromate of potash and 2.0 grams of caustic sodft 
in water, and diluting to i litre ; or g.40 grams of the neutral 
chromate (K,CrO,) may be dissolved and diluted to i litre : 100 
CO, will be equivalent to r.ooo gram of lead. 

Standard Lead Solution. — 16 grams of nitrate of lead (Pb(NO,),) 
are dissolved in water and diluted to i litre; 100 c.c. will contain 
i.ooo gram of lead. 

Acetfie of Soda Solution. — 250 grams of the crystallised salt 
(NaAc,3HjO) are dissolved, and diluted to i litre. "Use 40 c.t 
for each assay. 

In the titration the assay solution should measure 150 to 20c 
c,c., and should be boiling or nearly so. It ia best contained in a 
pint flask, and the standard chromate solution used with nn ordi- 
nary burette. E.un in the chromate solution in a steady stream 
until the whole of the lead has been precipitated. The amount 
required for this may be calculated ; for ssample, i gram of an 
80 per cent, ore would require 80 c.c. A little of the assay may 
be filtered off, and if it does not show a yellow colour in the 
filtrate run in 2 c.c. more of the standard solution and continue 
this addition till a colour is shown. After this run in another 
c.c. to ensure an excess, dilute to 2^0 c.c, and heat to boiling ; 
allow to settle for three or four minutes, filter off 50 c.c. into a 
Nesaler glass, and determine the excess of chromate colorimetri- 
cally. The excess found in the 50 c.c. must, of ooiurse, be 
multiplied by five, and then be deducted from the quantity of 
chromate originally run into the assay solution. The quan- 
tity to bo deducted should not exceed 3 c.c. Where a number of 
determinations are made the colorimetric estimation is facilitated 
by using a series of standard phials similar to those described 
under the Eleetrolytio Copper Assay. The determination ia 
rendered sharper and less liable to error by the addition of a few 
drops of acetic acid to convert the chromate into bichromate. 
The same chromate solution must be used in this determination 
as was used in the precipitation. 

In standardising the chromate solution, the standard lead 
rate solution ia used. A quantity containing about as much 
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lead as the nasay is supposed to contain is measured off, rendered | 
iSlkaliiie with diJute ammonia, and then neutralised with acetic acid, 
using a Hmall piece of htmus paper dropped into the solution as 
indicator. Then dilute, boil, and titrate. When the lead in the 
assay has heen separated as sulphate and dissolved in sodic acetate, 
less chromate is apparently required, and in this case it will bn 
necessary to precipitate the lead in the standard with an equi- 
valent of Bodic sulphate and redissolv© in sodic acetate just as io 
the assay. In these solutions (although there is considerable 
chromate in excess) a further addition of 5 or 6 c.c. of the chro- 
mate solution will cause a further precipitate. The following 
experiments show the effect of variation in the conditions of the 

Effect of Varying Tamporaturo. — Tweuty c.c. of lead 
nitrate solution and 10 grams of sodium acetate were used; 
diluted to 200 c.c, heated to the desired temperature, and 
titrated. The results were : — 

Temperature . . 15° 30° 50° 100° 

"Cbromate" required . 19.8 c.c. 19.5 c.c. 19.30.0. 19.20.0. 

The first two of these filtered badly, the precipitate coining 
through the filter ; the last was very satisfactory in the working. 
Effect of Varying Bulk. — Using ao c.c. of lead nitrate, and 
10 grams of sodium acetate as before, diluting to the required 
bulk, heating to boiling, and titrating, the results were : — 

Bulk . . . loo.o c.c. 200.0 c.c. 500.0 CO. looao cs.0. 
"Chromate" required 19.5 „ 19.3 „ 19.4 „ 19.4 „ 

Effect of Varying Acetio Acid.^Since the espeiiments are 
carried out in the presence of sodic acetate, acetic acid is the only 
acid whose efiect need be considered. Working as before, bat 
with 200 c.c, bulk and varying amounts of the acid, the results 



19.1 „ 1S.5 „ 17.3 „ 
These espeiiments show that only slight quantities of acid are 
admissible. 

Effect of Varying Sodium Acetate. — With the same con- 
ditions as before, but with varying weights of sodium acetate, 
the results were : — 

e present — 5 grams 10 grams 25 grams 50 grams 

19.60.0, 19.6 O.C. i8.ao.c. 17,8 C.C. 



ires to », 




greater extent, and if both acetic acid and this salt are present, 
each exerts its disturbing infiuence. With lo grains of ammonium 
acetate, 19.4 c.c. of the cliromate solution were required instead of 
19.7 R.c. in the absence of this salt; with 10 grama of the acetate 
and 10 c.c, of acetic acid, only 18.6 c.c. were required. 

Effect of Foreign Salts. — As already stated, sulphates inter- 
fere. Twenty c.c. of the lead nitrate solution were token, precipi- 
tated with Bulphate of soda, and the precipitate dissolved in 
10 grams of eodium acetate and titrated as before. Duplicate 
experiments required 18.6 c.c. and 18.7 c.c. of the chromate solu- 
tion. A similar experiment with 40 c.c. of lead nitrate required 
37.4 c.c. of chromate. If the sulphate had not been present, the 
results would have been ig.7 c.c. and 39,4 c.c. respectively. 

Effect of ■Varying Iiead. — In these experiments the condi- 
tions were aa before, but with varying amounts of lead. 

Lead nitrate solntioD preseut jo.o c.c. 20.0 c.o. 50.0 c.c, loo.o cc 
Cbiomate BOlntion required . 9.4 „ 19.7 „ 4S.S „ gS.2 „ 
Determination of Iisad in Galena, — Weigh up i gram of 
the powdered and dried ore, and boil in an evaporating dish with 
10 c.c. of dilute hydrochloric acid. When the action becomes 
sluggish, dilute with an equal bulk of water, and add a weighed 
piece of zinc rod about I inch long and quarter-ineh across. Eeep- 
up a moderate action by warming till the ore is seen to be com- 
pletely attacked and the lead precipitated. Decant off the solu- 
tion, wash once, strip off the lead, wash and weigh the remaining 
ainc. Dissolve the lead in 5 c.c. of dilute nitric acid, and 5 c.c, 
of water with the aid of heat. Dilute and transfer to a pint 
flask J add a slight excess of dilute ammonia, and render faintly 
add with acetic acid. Dilute to 150 c.c, heat to boiling, and rim 
in the standard chi'omftte in slight excess, noting the amount re- 
quired, and make up to 250 c.c. with water. Boil the solution, 
tdlow to settle for a minute or so, filter off 50 c.c, and determine 
the ex:cess of chromate colorimctrioally. As an example, i gram 
of an impure galena was precipitated with 75 c,c. of standard 
chromate (100 c.c. = i.ozo gram lead). The excess found in 50 c.c. 
was 0.3 c.c, which, multiplied by 5, gives 1.5 c.c. as the escessin 
the whole solution. The remaining 73.5 c.c. of " chromate " re- 
quired by the assay, are equivalent to 0.7497 gram of lead. The 
EJnc used up weighed 1.5 grams, and contained 0.0165 gi^™ of 
lead. Thus we get — 

Lead in the assay .... 0.7497 gram 
Lead from the zinc . . , o.oiO; „ 

.■. Lead in the galena . . . . 07333 „ | 

Equivalent to 73.3 pei- cent. 
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Another sample, in which the gnlena was accompanied with a J 
large quantity of pyrites, gave the following results : — Three 
grams were treated with 30 c,c. of dilute hydrochloric acid and 
a rod of sunc. The zinc and lead were caref uDy transferred fai 
another vessel, the zinc cleaned, and the lead (dissolved in 5 CJii 
of dilute nitric acid and 20 c.c. of water) treated as before. 



= 0.1479 gram lead 



■, Lead in 3 grama of the 01 



Equivalent to 4.2a per cent. 

The same ore gave by separation of the lead with si 
hydropen, and conversion into sulphate, 4.16 per cent. 

"With fairly pure ores, free from sulphate, ili-) assay maybe 
made more quickly as follows : Dissolve i gram of the finelj 
powdered ore by boiling gently with 40 c.c, of dilute hydrocblorio 
acid for ig minutes; cool; add a few drops of permanganate; 
neutralise with nmmonia, add acetic acid and a little sodiDB 
acetate. Titrate with standard chromate. 



COLOBIMETBIC PROCESS. 
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This is bnsod upon the brown coloration produced 
dilute solutions of lead by the action of a solution of sulphuretted 
hydrogen. The quantity of lead in the 50 c.c. of the assay solu- 
tion must not much exceed 0.5 milligram, nor be less than o.oi. 
The sulphuretted hydrogen ia used in the form of a solution, and 
is not bubbled through the assay. The principle of working is the 
:6anie as previously described. 

Standard Lead Solution.— Each c.c. of this should contain 0.1 
milligram of lead. It is made by diluting jo c.c. of the solution 
of lead nitrate, described under the volumetric process, to i litre. 

SvZphuretted hydrogen vsater is made by passing a current of 
the washed gas into water till the latter is saturated. 

Five c.c. of the sulphui-etted hydrogen water are put into a 
Nessler tube, the measured portion of the assay solution added, 
and the whole diluted with water to the 50 c.c. mark. Into tlie 
standard Nessler tube the same amount of the sulphuretted 
hydrogen water is put, and diluted to nearly go c.c. Tbe stand- 
ard lead solution is then run in tiU the tints are equal. Tea 
essay solution must not contain much free acid, and if the condi- 
tions will allow it, may with advantage be rendered alkaline with 
ammonia. The chief cause of disturbance is the precipitation of 
lead sulphide forming a. black turbid solution instead of 
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This may be ca».6ed by using hot solutionB op 
id. Other metals precipitable by sulphuretted 
hydrogen must ha absent as well as sti^ong oxidising agents. 

Effect of Varying Temperature. — The effect of incre 
temperature is to change the colour from brown to blatk, and to 
render the estiinatioB difficult. 

1 c.c. at 15° C. showed the co]our of 0.5 o.c. at 60° C, 

2 „ „ „ „ 1.5 „ at6o°C. 
'■ ,. - .. ,. S.o ., »tso°C. 

Effect of Varying Time. — The colour becomes lighter 
Gtandiug : 2 c.c. on stauding 10, zo, and 4a minutes became equal 
in colour to 1.7 c.c. 

Effect of Acids and Ammonia. — Two c.c. of the.<iolntionwith 
a cc. of dilute hydrochloric acid became cloudy and equivalent to 
about 2.5 c.c. ; and a similar result was got with 2 c.c. of dilute 
sulphuric acid. With 3 c.c. of dilute ammonia the solution became 
somewhat darker, or equal to 2.3 c.c, ; but gave a very clear schi- 
tion easy to compare. 

determination of Lead in Commercial Zinc. — Dissolva 
o.i gram of the metal in 1 c.c. of dilute nitric acid evaporates till a 
solid separates out, dilute to 100 c.c. with water, and take 20 c.c. 
for assay, A sample treated in this way required 2.4 c.c; this 
multiplied by 5 gives 12.0 c.c, equal to 1.2 milligram of lead, or 
1,3 per cent. By gravimetric assay the sample gave 1. 10 percent. 

PRACTICAL EXERCISES. 

I. Thirtj grams of galena gave on diy assay 31 grams of lead ; and this, 
on capellation, gave 15 cailligramB of EJlrer. Calculate theresalts 
in per ccnta. of lead nnd in ounces of silver to the ton of ore. 

3. How many ounces of silver to the tor would be contained in tha 
lead got from this ore if the loss in emclting is equal to that of 
the assay I 

3, Having given you a sample of white lead freed from oil by washiag 
with ether, how would you proceed to determine the percentage 
of lead in it? 

THALLIUM. 

Thallium is a rare metal, found in small quantities in some 
varieties of iron and copper pyrites, and in some lithia micas. It; 
I'esembles lead in appearance. Its compounds resemble the salts 
of the alkalies in some respects; and, in others, those of the heavy 
metals. 

It is detected by the green colour which its salts impart to the 
flame- This, when esamiued with the spectroscope, shows only 
one bright green line. 
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It is separated and estimated by dissolving' in aqua regis; 
converting into sulphate by evaporation with sulphuric acid; 
separating the second group of metalg with sulphuretted hydrogen 
in the add solution, boiling off the excess of the gas; nearlr neu- 
tralising with carbonate of soda; and precipitating the thaJhum 
with an escesa of potassio iodide. On allowing the liquid to et&nd 
for some time a bright yellow precipitate of thallous iodide eepa- 
ratea out. Thin is collected on a weighed filter ; washed with cold 
water, finishing off with alcohol; dried at 100° C, and weighed. 
The precipitate ia thallous iodide Til, and contains 61.6 per cent 
of thaUium. 

BISMUTH. 

Bismuth is nearly always found in nature in the metallic state; 
but occasionally it is met with as sulphide in biamuthine and is 
carbonate in bismutite. It is also found in some comparatively 
rare minerals, such as tetradymite, combined with tellurium, and 
associated with gold. In minute quaotitiea it is widely distributed: 
it is a common constituent of most copper ores ; hence it finds its 
way into refined copper, which ia seldom free from it. It is occa- 
sionally met with in silver in sufficient quantity to interfere with 
the working qualities of that metal. 

Bismuth compounds are used in medicine and in the manufac- 
ture of alloys. Bismuth possesses many useful properties. It has 
considerable conunercial value, and sells at a. high price. 

The metal is brittle, breats with a highly crystalline fractuTB, 
and has a characteristic reddish-yellow colour. It is almost in- 
soluble in hydrochloric, but readily dissolves in nitric, acid ; and 
gives, if the acid is in excess, a clear solution. Bismuth salts have 
a strong tendency to separate out as insoluble basic compomids; 
this is more especially true of the chloride which, on dilating witb 
a large volume of water, becomes milky; the whole of the bis- 
muth separating out. The nitrate, carbonate, and hydrate yield 
the oside (EijO,) on ignition. This oxide closely resembles lithuige. 
It combines with silica, forming fluid slags ; and at a red heat is 
hquid enough to be absorbed by a cupel ; in fact, bismuth may 
take the place of lead in cupellation. The metal itself ia eoolf 
fusible, and may be separated from its ores by liquation. 

The assay of bismuth by wet methods presents little difficulty, 
and is fairly accurate. The price of the m:ita] is such that only 
methods which yield good results should be adopted : and, since 
bismuth is volatile at the temperature of the furnace, and is 
found mixed with ores not easy to flux, as also with metals which 
are not easily separated by the dry method, the dry assay can ou^ 
be considered as having a qualitative value. 
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J Iiiquation. — This is adapted to ores containiog the bis- 

iQDth as metal. Take 20 grams of the powdered ore and plate 
in a crucible with a perforated bottom, put this crucible into 
another of about the same size and lute the joint. Lute on a 
cover, place in the furnace and heat to redness. The bismuth 
melts readily and drains into the lower crucible from which, when 
cold, it is taken and weighed. 

By FuBion.^For fairly pure ores the process is as follows : — 
Take zo grams of the ore and miy with 20 grams of fusion 
mixture, 10 grama of salt and 5 or 10 giams of potassium 
cyanide ; place in a crucible, cover, and fuse at a moderate tem- 
perature for about fifteen minutes ; pour ; when cold detach the 
metal and weigh. 

For coppery ores in which the metab are present as sulphides 
use the fluxes just given with a grams of charcoal (instead of the 
cyanide) and a little sulphur. 

For coppery ores in which the metsJs are present as oxides, 
mis 20 grams of the ore with 10 grama of fusion mixture, 4 
grams of salt, 4 grams of sulphur and 2 grama of charcoal ; and 

A considerable percentage of bismuth is lost in these assays; 
it is stated as being nearly 8 per cent, of the metal present. 

WET METHODS. 
Detection. — Bismuth is detected by dissolving the substance 
in nitric or hydrochloric acid and precipitating the diluted solution 
with sulphuretted hydrogen. The precipitated sulphides, after 
digesting with soda and washing, are dissolved in nitric acid and 
the solution boiled with ammonium carbonate. The precipitate is 
washed and then warmed with dilute sulphuric acid. The solution 
will contain the bismiith. Add a solution of potassium iodide in 
excess, and boil ; a yellow or dark brown solution proves that 
bismuth is present. Another good test for small quantities of 
bismuth is to add tartaric acid to the solution to be tested, and 
then to make it alkaline with potash. Add a few c.c. of 
Schneider's liquid,* and heat. A brownish-black colour is pro- 
duced by as little as one part of bismuth in 200,000 of solution. 
The test is not applicable in the presence of mercury, copper, or 



• Made by dJBSolving 12 grams of tartaric acid and 4 gramB of Etannons 
chloride ia water, and adding potash eolution tiU ib is alkaline, 'fhs 
solution should remain cltsur on heating to 60° oc 70° C 
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_:c. of the ferrous sulphate solution, should not _ jm mr 

quantity of "permanganate" required for the titration of * ^ 
ferrous sulphate added. In a eeries of esperiments on the Tsri^ 
methods of reduction, the following results were got. The mtK* 
of working were those already described. - 

{i ) Wit/i Stannous CMoride.— Twenty c.e. of the ferric oUori«^ 
solution required, after reduction with stannous chloride, 20 c-"- 
of " pormanganate." Fifty c.c. of a solution of ferrous chlorid^ 
which required on titration 49.8 c.o. of "permanganate," reqmr*^ 
for re-titrution (after subsequent reduction with stannous chlorido^ 
50 c.c, of the permanganate solution. 

(i) With SufyhurHied Hydrogen. — Two experiments withflu* 
gad, using in each 20 c.c. of the ferric chloride solution, and loc.c- 
«t hydrochloric acid, required (after reduction) 20.2 c.c. and 20.i 
c.o, of " permanganate." Eepeating the experiments by pasanf 
the pw through a nearly boiling solution, but in other respects 
working in the same way, 31,3 c.c. and 21.6 c.c. of the pennaB" 
j^nate solution were required. The sulphur was not filtered off 
in any of these. In another experiment, in which 5° ''■''■ "^ ^''^ 
ferroua sulphate solution were titrated with "permanganate,' 
48 c.c. of the latter were required. The titrated solution wbs 
next reduced with sulphuretted hydrogen, brought to the suafl 
'oulk as before, and again titrated ; 47,9 c.c. of the permanganaM 
of pobiGsium solution were required. 

(3) With Sodium Sulphite.— Twenty c.c. of the ferric cUorido 
solution, reduced with sodium sulphite, required 19.9 c.c. of "per- 
tnnnganate." In one experiment 50 c.c. of the ferrous sulphate 
solution were titrated with " permanganate " ; 49.3 c.c. of the Instr 
mentioned solution were requireil. The titrated solution was re- 
duced with sodium sulphite, and again titi&ted ; it required 
49.1 C.C. of the permanganate of potassium solution. 

{4) With ,?tnc.— Twenty cc of the ferric chloride solnUon, »- 
durod with lino and titrated, required 20.8 c.c. of "pennang*- 
iMt«." Fifty c.c of a solution of ferrous sulpbate whidi reqiured 
4<>,7 cc of " permanganat*," required for re-titration, after reduc- 
tion with lino, 49.7 ce. ' 

Th<> student should next practise the titration with bicbromat«, 
wkioh ii more especially valuable in the estimaticm of hydrochloric 
Aoid aoUitionsL The following experiments are on the same plan 
M t.hoMt alrondy given. In wtch experiment (except when other- 
wiao (rt*tiod) there wito present 20 cc of the ferrous chloride 
•oltition, aud 10 cc of dilut« hydrocMimc add, and tlie bulk was 

jOO CO. 

Bfltat of Varying Tempen^ture. — The quantities of tbe bt 
ohI^W»Ul of i^ita.ssiuin solution required were as follows : — 



Bismutli compounds in a nitric acid solution are readily decom- 
poaed by the electric current, but the deposited biamuth is not 
coherent. It comes down in shaggy tufts which ore difficult to 
Bash and easy to oxidise. 
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There are two methods which have been proposed; one baaed 
on the precipitation as chromate and the estimation of the 
chromic acid ; and the other on the precipitation as osalate and 
Btibsequent titration with permanganate of potash. These offer 
little advantage over the easy gravimetric determination. 



COIiOHIMElTBIC METHOD. 

Bismuth iodidedissolvea in excess of potassium iodide, forming a 
yellow-coloured solution, indistinguishable in colour from that 
given by iodine. The colour, however, is not removed by boiling 
or by Bulpbupous acid. Since none of the commoner metals give 
Bucb a colour, and free iodine is easily separated by boiling, thia- 
method is specially suited for small determinations of bismuth. 

It requires a solution of bismuth, made by dissolving o.i granii 
of bismuth in a drop or so of nitric acid, evaporating with a Uttle- 
sulphuric acid and diluting with water to i litre, i c.c. will' 
contain o.r milligram of bismuth. And a soltition of evlphwouB - 
add, made by diluting lo e.c. of the commercial acid to i litre 
■with water. 

The determination is made in the usual way : 50 c.c. of the - 
jH^pared solution, which should not carry more than 0.75 milli- 
gram nor less than o.oi milligram of bismuth, are placed in a 
Nessler tube and the colour compared with that observed in a 
similar tube containing water and potassium iodide on adding tha- 
standard solution of bismuth. 

The assay solution is prepared by separating the bismuth witlt. 
sulphuretted hydrogen, boiling the precipitate with nitric aoid^ 
and evaporating with sulphuric acid. Tate up with water, add 
10 or 20 c.c. of solution of potassium iodide, boil off any iodine 
libeirated, dilute, filter, and make up to loo c.c. According to 
the depth of colour take 10, so, or 50 c.c. and transfer to the 
Nesaler tube. Add a few c.c. of the solution of sulphurotia acid. 
Into the other Nessler tube put as much potassium iodide solu- 
tion as is contained in the assay tube, with sulphurous acid and 
water to within a few c.c. of the bulk. Then add the standard 
Jflgiputh Etnlution till the tints are equal. 
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The student must be careful not to confuse the colour of tbfl 
bismuth iodide with that of free iodine. If the yellow colour is 
removed by boiling and returna on standing it is due altogethsr 
to iodine ; if it is lessened by the addition of a few drops of the 
dUute sulphurous acid, it is in part due to it. Hence the neeea- 
eity of having a little free sulphurous acid in each tube. A. 
strong solution must not be used, since it Uberates iodine from 
potassium iodide. 

The following experiments illustrate the effect of variation in 
the conditions of the assay ; — 

Effect of Varjdng Temperature. — At a higher temperatnn 
the colour is somewhat lessened. ^~ 



15° C. showed the oolonr of 0,8 



it 70° C, 



Effect of Free Acid. — 

2.5 CO. with 5 CO. of n. 
5.0 „ 



a tnw I 



Hydrochloric acid almost completely removes the colour, wJiicti 
however, is restored by the addition of a few erystali of potasfflnm 
iodide. 

Effect of Alkalies. — Ammonia, soda, or potash destroys the 
colour, but it is restored on acidifying with nitric or sulphuric 

Effect of Ammonlc Salts. — The following table shows the 
results after addition of ammonic salts : — 



CP^cnl. 


A™.L5"™«a. 


; With 10 granii 
1 Ammonic Sulphnte. 


Anirnu 


K=. 


5-0 - 


0.9 c.c. 
3-5 .. 
5-0 .. 


2.7 .. 
, 5-5 .. 


= 



Ammonic chloride, Lie hydrochloric acid, removes the colour, 
which may be restored on the addition of more potassium iodide. 
Nitrates and sulphates do not thus interfere. 

Effect of Foreign Salts.— Sodic hyposulphite almost com- 



pletely removes the colour. 

when this ha 

has been filtered off there 



solutions of lead salts give no colour. 



Copper salts liberate iodint 
by boiling and the cuprous iodide 
further interference. """ 



jnce. Dili^^ 



PRACTICAL EXERCISES. 

I. A fusible alloy is made ap of 8 parts of bismath, J of lead, and 

3 of tin. What weight of oiii3e of bistnnth, Bl,Op would yon get 

on the analysis of I gram of it 7 
3. What weight of bismuth can be gat from 2 giams of the subnitrate 

BiONOpHjO I 
3. How would you detect and aepajate aisenic, lead, and copper in a 

sample of bismuth ! 

ANTIMONY. 

Antimony occure in the native state, but is rare; itn common 
ore is antunonite, the sulphide (Sb,S,). Jamesonite and other 
Buiphides of lead and antimony are frequently met with. Sulphide 
of antimony is also a constituent of fahterz and of many silver 

Antimonite occurs generally in fibrous masses, bos a lead-liko 
metallic lustre, is easily cut with a knife, and. melts in the flame 
of a candle. 

Antimony itself has a very crystalline fracture, is brittle, and 
has a bluish-white colour. It is used in the preparation of alloys 
with lead and tin for the manufactnre of type-metal. It is readily 
fusible, and imparts hardness and the property of taking a sharp 
cast to its alloys. It is practically insoluble in hydrochloric acid. 
On boiling with strong nitric acid it is converted into antimonio 
oxide (SbjOj), which ia a powder almost insoluble in this acid 
or in water, but which may be got into solution with difficulty by 
the prolonged action of hydrochloric and tartaric acids. Anti- ^^J 
monic oidde is converted on ignition into the tetroside (Sb,0.) ^^H 
with loss of oxygen. Antimony forma two series of salts, anti- ^^H 
monious and antimonic ; and advantage is taken of this in its ^^H 
determination volumctrically. Either sulphide of antimony yields ^^^ 
an timonious chloride on boilingmth hydrochloric acid, sulphuretted 
hydrogen being given off; and, in the case of antimonic sulphide, 
eulphur is deposited. Antimonious is converted into antimonio 
chloride by treatment with permanganate of potash in an acid 
solution. Antimonic chloride and potassium iodide react, forming 
antimonious chloride and free iodine. This latter may be got rid 
of by boiling. Sulphide of antimony is separated from the ore 
B by liquation; this regulus is met with in commerce as "crude ^^H 
^l^mtimony," ^^M 

V' BBY ASSAY. ^H 

An approximate determination of the amount of sulphide of ^^H 
antimony in an ore may be made by fusing and liquating in a, ^^M 
luted double crucible in the manner described under bismuth. ^^M 

i ZJ 
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itiifiictoi7. Tbe det^rminatioa of metallic antimonj 
in an ore >b made either bj fasion with potassium cyanide or. t^ 
tiMiaa with iron, as in the galena asa^. Both methods yield 
poor resoite ; a&d, where iron is used, it must be added in quantity 
only saSatfat foe deanlphnriaing ; this amonnts to about 40 per 
cent in pure orea. If the iron is in excess it alloys with the reduced 
antimony. IS, on the other hand, it is insufficient, the metal will 
CMitain sulphur ; or snlphide of antimony will be lost in the slag. 

The following note, for wbicfa we are indebted to Mr. Bedford 
McNeill, A.R.S.M., gives a description of the method adopted in 
tbe commercial valuation of a parcel of antimony ore : — 

The antimony smelter, when he wishes to determine the valoe 
of any parcel of ore — usually the sulphide — that may be ofierod 
for mie, practically has recourse to the smelting operation. Tbst 
is, a quaotity of 2 or 3 cwts. taken by his sampler having been 
obtained, he treats it under tbe immediate supervision of the 
foreman smelter as if it formed port of the ore in process of daSy 
reduction at his works. He thus determines by actual trial the 
output which it may fairly be anticipated will be yielded by the 
bulk, and upon the result of this trial or assay, and the knowledge 
fiained of the actual behaviour of the ore under treatment, tie 
bases his tender, knowing that, should he secure the parcel, be 
may confidently expect a similar return. 

Briefly, the process consists of the three ordinary operatiaDB 
of— 

(a) Singhng or removing most of the antimony from the ore; 
h) Doubhng; 
(0) Eefining or "starring." 
But in the assay sufficient information is generally given by the 
first two of these. 

A new pot having been taken and made hot in the furnsM, 
40 or 45 lbs. of the ore is weighed in (the mineral from the ne«s- 
Bitioa of sampling not exceeding walnut size) ; i to 3 lbs. of salt 
cake is now added to render the separation of the resulting sul- 
phide of iron more easy, as also to assist in the fusion of th» 
ganguB ; zo to 25 lbs. of tin-plate scrap, beaten more or lesa into 
ball shape, is weighed, placed on the top of the ore and salt cake, 
and the whole brought to a state of fusion. The foreman from 
time to time takes notice of the behaviour of the ore under tbe 
working conditions, Oi'os that manifest a tendency to " boil" or 
" froth " require the admixture of other more sluggish mineral in 
order to render their reduction economically practicable. 

After I j to i^ hours (the time depending mainly on the tem- 
perature), the contents of the crucible are usually in a state of 
traiii|ui1 fusion. The pot is now lifted from the fire, and its 
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contents transferred to a conical iron mould, the empty pot being 
immediately put back into the fire, and the latter "mended" 
with sufficient coke for another ruD. The conical mould (when 
J with a " strange " ore, and the possibility of inaufScient 
J being present to satisfy the sulphur contents) is wiped inside 
■with clay previous tij pwuring in the molten charge. Otherwise 
the moulditself will boattaeked, and the contents after solidifying 
will require to be chiselled out piecemeal. 

A further 40 lbs. of the ore is now charged into the cmeible 
with iron ae above ; but before this second charge is ready to be 
drawn an inspection of the first may suggest the addition of 
either 3 or 5 lbs, more iron, or s or 10 lbs. more ore. 

It is a good fault rather to aim at an excess of iro 
to clean the ore from antimony, any of the latter that (fro 
insufBciency of iron) may be left in the slag from the first process 
being irretrievably lost ; whereas, if the iron be in excess, that 
which is combined with the crude antimony resulting from the 
lirst process is easily got rid of by adding 3 to 5 lbs. or eo of ore 
in the second process. 

This latter, as practised for the determination of the value of a 
parcel of ore, consists in selecting two of the best quality singles, 
resulting from perhaps four or five trials as above, and running 
them down with a few pounds of salt cake, or a mixture of salt 
enke with American potash, and (as is generally necessary) a small 
addition of ore. 

Upon the final result (confirmed perhaps on another pair of 
gingles, and, judging from the total weight or output of the 
metal as calculated from the ore used in " singling," plus any 
added in the " doubling," the crystalline fracture and face of the 
metal, its colour, &c.) the price to be ofi'ered for the parcel of ore 
is fixed. 

WET METHODS. 

Detection. — The antimony, if any, being got into solution by 
treating the ore with hydrochloric acid or aqua regia may be 
detected by evaporating with hydrochloric acid, diluting, and 
filtering into the cover of a platinum crucible or (better) a pla- 
tinum dish. A small lump of zinc is then added, and, if antimony 
is present, the dish will in a minute or so be stained black with a 
deposit of metallic antimony. This stain is removed by nitric, 
but not by hydrochloric, acid. The reaction is delicate and 
characteristic; arsenic under like conditions is evolved a 
retted hydrogen, and tin is deposited as metal on 

Solution. — Ores, 4c., containing antimony are best opened up 
J^y boiling with hydrochloric acid or aqua regia; treatment with 
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changes to a clear brownish-yellow. The solution must be shaken 
after each addition of the " hjpo." 

In determimng antimony in ore, weigh up 0,5 to i gram, and 
dissolve in hydroohlorie acid with, if necessary, the help of chlo- 
rate of potash. The antimony is Reparated as sulphide, redis- 
solved in hydrouhloric acid, and oxidised with a crystal of chlorat« 
of potash. Chlorine is boiled off, and the solution diluted with 
an equal bulk of water. To the clear cold solution potassium 
iodide is added, and after a few minutes the liberated iodine is 
titrated with "hypo," as already described. The method only 
yields satisfactory results when the standard and assay are carried 
out alike. 
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CHAPTER XI. 
IBOlf— NICKEL-COBALT— ZINC— CADMIUM. 



IRON. 



Ieos rusta < 




r oxidises very readily, and, consequently, ia rarely 
louna in tne mBtallic state in nature ; such native iron as is found 
being generally of meteoric origin or imbedded in basalt and other 
igneous rocks. It cLiefly occurs as oxide, as in magnetite, haema- 
tite, and in the brown iron ores and ochres. Chalybite, which is 
carbonate of iron, is an ore of great importance. Iron is found 
combined with sulphur in pyrrhotine and pyrites, and together 
with arsenic in mispickel. It is a common constituent of most 
rocks, imparting to them a green, black, or brown colour ; and is 
present, either as an essential part or as an impurity, in most sub- 
stances. 

The chemistiy of iron is somewhat complicated by the existence 
of two oxides, each of which gires rise to a well-marked series of 
compounds. Those derived from the lower oxide, known as 
ferrous salts, are generally pale and greenish. Ferric salts are 
derived from the higher oxide, and are generally red, brown, or 
yellow. The existence of these two well-marked families of salts 
renders the assay of iron comparatively easy, for the quantity of 
iron present in a solution can be readily measured by the amount 
of oxidising or reducing agent required to convert it from the one 
state into the other— that is, from ferrous to ferric, or from ferrio 
to ferrous, as the case may be. 

In the red and brown iron ores and ochres ferric iron is 
present; in chalybite the iron is in the ferrous state; and in mag- 
netite it is present in both forms. Traces of iron in the ferrous 
stite may be found (even in the presence of much ferric iron) by 
either of the following tests ; — 

I. Farricyanide of potassium gives a bin 
coloration ; with ferric salts a bra 
duced. 
. A solution of permanganate of potasai 
ferrous salt, but not by a ferric om 




) precipitate or green 
vn colour only is pro- 



3 decolorised by e 
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Compounds of bismuth fused with cyanide of potassium la a 
Berlin crucible readily give a globule of bismuth which is re- 
cognised by its appearance and fracture. 

Solution and Separation. — The solution of bismuth com' 
pounds presents no difliculty. They are soluble in nitric acid or 
aqua regia, and, provided the solution is sufficiently acid, they 
remain dissolved. In separating it from other metals the solution 
is made up to about loo c.c, and treated with a current of 
sulphuretted hydrogen. The bismuth comes down in a tolerably 
strong acid solution. The sulphide is decanted on to a flltei* and 
washed. It is next digested, with ammonic sulphide ; or, Itetter 
{especially when other metals are present), dissolved in nitric 
add, and treated with an excess of ammonia and a current of 
sulphuretted hydrogen. The precipitate is filtered off and 
evaporated to dryness with nitric acid. It is taken up with a 
few drops of sulphuric acid and a httle water; and warmed and 
filtered, if necessary. The filtrate is nearly neutralised with 
ammonia ; ammonium carbonate added in slight excess ; and th» 
liquid heated to boiling and filtered. The bismuth will be con- 
tained in the precipitate with perhaps traces of lead, antimony, 
tin, or sometimes iron from incomplete separation or washing. 
When only traces of a precipitate are got it must be tested. Tlia 
bismuth precipitate is readily soluble in dilute nitric acid. ~ 
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The bismuth having been separated and dissolved in nitno 
acid* is precipitated (after dilution) by the addition of carbonate 
of ammonium in shght escess, and hoihng. The precipitate is 
^tered off, washed with hot water, dried, ignited, and weighed. 
The ignition should be performed carefully at not above a loiv 
red heat. The oxide which is formed has, at this temperature, a 
dark yellow or brown colour, and becomes yellow on cooling. It is 
bismuthio oxide (Bi,Oj) and contains 89.65 per cent, of bismuth. 
Fusion with potassium cyanide at a temperature Just sufficient tt> 
melt the salt reduces it to the metal which falls to the bottom 
and runs into a globule. The button of metal may be weighed, 
but it often sticks tenaciously to the bottom of the crucible. The 
precipitation with ammonic carbonate must not be made in a 
sulphate or chloride solution ; since basic compounds would then 
be thrown down, and the result on weighing would either be too 
low (because of the volatilisation of the chloride), or too high 
(because of the retention of sulphuric acid). 



BISUUTB. l8j^ 

Hismuth compounds in a nitric Acid solution are readily decom- 
posed by Ihe electric current, but the deposited bismuth is not 
I coherent. It comes down in shaggy tufts which are difScult to 
I wash and easy to oxidise. 



VOLUMBTBIC ASSAT. 

There are two methods which have been proposed ; one based 

on the precipitation as chromate and the estimation oF the 

chromic acid ; and the other on the precipitation oa oxalate and 

H subsequent titration with permanganate of potash. TheKe ofTec 

^b little advantage over the easy gravimetric determination. 



COLOBIMETBIC METHOD. 



Bismuth iodide dissolves 
/yellow-coloured solution, 
' given by iodine. The coloui 
or by sulphurous acid, 
such a. colour, and free iodiu 
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of potassium iodide, forming a 
I distinguishable in colour from that 
however, ia not removed by boiling 
none of the commoner metals give 
is easily separated by boiling, thi^ 
method is specially suited for small determinations of bismuth. 

It requires a solution of bismuth, made by dissolving o.i grani* 
of bismuth in a drop or so of nitric acid, evaporating with a little- 
Bulphurio acid and diluting with water to i litre, i c.c. will' 
pontain o,r milligram of bismuth. And asolution of sulphurouf 
add, mode by diluting lo c.c. of the commercial acid tu i litre 
■with water. 

I The determination is made in the usual way : 50 c.c. of the - 
jH«pared solution, which should not carry more than 0.75 milli- 
gram nor less than o.oi milligram of bismuth, are placed in a 
NesaJer tube and the colour compared with that observed in a 
Birailar tube containing water and potassiiun iodide on adding tha.- 
Etandard Bolution of bismuth. 

The assay Bolution is prepared by separating the bismuth withi 
Bulphuretted hydrogen, boiling the precipitate with nitric acid>. 
and evaporating with sulphuric acid. Take up with water, add 
10 or 20 c.c. of solution of potassium iodide, boil oS any iodine 
liberated, dilute, filter, and make up to 100 c.c. According to 
the depth of colour take 10, 20, or 50 c.c. and transfer to the 
Nessler tube. Add a few c.c. of the solution of sulphurous acid. 
Into the other Nessler tube put as much potassium iodide solu- 
tion as is contained in the assay tube, with sulphurous acid and 
■water to within a few c.c. of the bulk. Then add the standard 
LUth solution till the tints are equaL 
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loM of iron dirn'of 

ra amnreiit loss by re- 

When the iron la 

detenmnatioD 

<tf ilw predpibite of fenia 

107 ineoaT^iieiit. 

YtOMJStKXTBIC JUiTHODS. 

A£ already eT|Jwiiwd tiaesB mic based on the measuroment of 
the yolame of a laigwit nqored to brin^ ibe n-hole of the iron 
from the ferrons to Ae fcme state (axidauon), or from the ferric 
to the feiTons (ndneliiaa). Farmis compoiiiids are converted 
into ferric bj the aetann ef aa dxidi^n^ a^nt in the presence 

of an acid. E^er |iiiwiin 1e or bichromate of potash is 

geimally used for Has frnpnee.* 

Feme txaapaaais am radaoed to ferrous by the action of :— 

(1) StasDoos diknde ; 

fi) Snlphvrettod In-drageB; 

(3) Sodiam sulphite ; or 

(4) Zictt 

The proc^es^ies, tbfai, nuir be djrided into two kinds, one based 
on oxidatioD and the nther on redncdon. In each case the titn- 
tiCFD must be jo^oedtid br an exat^ pirepiratiaa of the Eolation to 
be assayed in (ader that the ima maj be in tlie right state of 
oxidation. 

FEBHANQAirATE Am) BICHROMATE METHODS. 
These consist of three <^>eratians : — 
(i) Solution of the ore ; 

i:) Reduction of the iran to the ferrous state; and 
3) Titration. 

SolatioD. — The only point to be noticed concerning the Gist 
operation (in addition to those already mentioned) is that lutrio 
Kcid must be absent. If nitric and has been used, evaporate ta 
dryness, of course without previous dilution ; add hydrochloric (S 
Eulphuric acid, and boil for &TB or ten minutes. Dilute with 
water to about 100 c.c,, and warm until solution is complete. 

The reduction is performed by either of the following 
jnetbods : — 

• (I) ioreSO, + 2KMiiO,+Sa^0^sF(^SO,),i-2MnS0, + K.SO,+ffl^' 
(2> 6FeCl, + K,Cr,0. + i4HC!=3Fe.Cl,+Cr,C!, + 2Ka+7H^ ^^ 

♦ fl) Fe,Cl. + BnCL=2FeCl, + Sna^.' 

(2) Fe,a, + SH-=2FeCl,+2HCl + 3. 

(3) K4ci,+Na^0,+H,0 = 2KeCL+Ka^,TiHCi. 
44) F%Cl,+Zii=*FeCl.4-ZDCL. 
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1. With Stannoiis Chloride. — Fill a burette with a solution of 
stannous chloi-ide," and cautiously lua tbe liquid into the hot 
assay solution (in which the iron is present as chloride) until the 
colour is discharged. A largo escess of the stannous chloride 
must be avoided. Then add 5 c.o. of a 2^ per cent, solution of 
mercuric chloride, this will cause a white precipitate (or a grey 
one if too large an excess of the Btannous chloride has been 
added). BoU till the solution cleora, cool, dilute, and titrate. 

2. With Sulphuretted Hydrcgen, — Oool the solution and pass 
through it a current of washed sulphuretted hydrogen till the 
liquid smells strongly of the gas after withdrawal and shaking. 
A white precipitate of sulphur wUl be formed, this will not inter- 
fere with the subsequent titration provided it is precipitated in 
the cold. If, however, the precipitate is coloured (showing the 
presence of the second group metals), or if the precipitation has 
been carried out in a hot solution, it should be filtei-ed otF. Boil 
the solution until the Rulphuretted hydrogen is driven off; this 
may be tested by holding a strip of lilter paper dipped in lead 
acetate solution in the steam issuing from the flask. The pre- 
sence of sulphuretted hydrogen should be looked for rather than 
its absence. It is well to continue the boiling for a few minutes, 
after the gas has been driven off. Cool and titrate, 

3. With Sodium Svlphite. — Add ammonia (a few drops at ai 
time) until the precipitate fii-st formed rodissolves with difficulty. 
If a permanent precipitate is formed, redissoJve with a. few drops. 
of acid. To the warm solution add from 2 to 3 grams of sodium, 
sulphite crystals. The solution will become strongly coloured, 
but the colour will fade away on standing for a feiv minutes in a 
warm place. When the colour is quite removed, add 20 c.c. of 
dilute sulphuric acid, and boil until the steam is quite free from 
the odour of sulphurous acid. Cool and titrate. 

4. With Zinc. — Add about 10 grams of granulatedzinc; if the- 
hydrogen comes off violently add water; if, on the other hand, 
the action is very slow, add sufficient dOute sulphuric acid to 
keep up a brisk effervescence. The redaction is hastened by 
warming, and is complete when the solution is quite colourless 
and a drop of the liquid tested with suiphocyanate of potassium 
gives no i-eaction for feme iron. Filter through " glass wool " or 
quick filtering paper. The zinc should be still giving off gas 
rapidly, indicating a freely acid solution ; if not, acid must be- 
added. Wash with water rendered acid. Cool and titrate. 

With regard to the relative advantages of the different methods 
they may be roughly summed up as follows ; — The stannous 

* zo grams of stamioiis chloride aad 20 c.c, of dilate bydiacMaiic acid 
a^ ililnted to one litre. 
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chloride method has the ndrantage of immediatelj reducing &» 
ferric iroa whether in hot or cold aolution and under vtiried cod- 
ditiona in regard to acidity, bat has the_ disadvantage of similarlj' 
reducing salts of copper and antimony, which, in a subsequent 
titration, count aa iron. Moreover, there is no convenient method 
of eliminating any large excess of the reagent that may have 
been, used ; and, conaequently, it either leaves too much to tlie 
judgment of the operator, or entails as much care as a titratLon. 
Studeots generally ^t good results by this method. 

The sulphuretted hydrogen method also has the advantage of 
quick reduction under varying conditions, and the further one of 
adding nothing objectionable to the solution ; in fact it removes 
certain impurities. Tlie disadvantages are the necessity for boil- 
ing off the eiceas of the gas, and of filtering off the precipitated 
sulphur, although this last is not necessary if precipitated ooli 
The tendency with students is to get high results. The sodimn 
Bolphite method has the advantages of being clean and neat, and 
of requiring no filtration. On the other hand it requires practice 
in obtaining the best conditions for complete reduction ; and, aa 
with sulphuretted hydrogen, there is the necessity for boiling off 
the gas, while there is no simple and delicate test for the residual 
sulphurous acid. In addition, if an excess of sodium sulphite baa 
been used and enough acid not subsequently added, the excess will 
count as iron. Students generally get low results by this method. 

The advantages of the zinc method are, that it is easily worked 
and that the excess of zinc is readily removed by simply filtenogi 
The disadvantages are the slowness* with which the last portiwia 
of ferric iron are reduced, the danger of loss by effervescence, tha 
precipitation of basic salts, a,nd, perhaps, of iron, and the loading 
of the solution with salts of zinc, which in the titration with 
bichromate have a prejudicial effect. The tendency in the handi 
of students is to get variable results, sometimes low and some- 
times high. 

Generally speaking, the sulphuretted hydrogen and Bodium 
Bulphito methods are to be preferred. Carefully worked each 
method will yield good results. 

The titFation may be done with a standard solution of (i) p«- 
manganate of potash, or (2) bichromate of potash. 

I. With Permanganate of Potash. — Prepare a standard solntioii 
by dissolving 2.S2 gi^ims of the salt and diluting to one litra> 
The strength of this should be 100 c.c. =0.5 gram of iron, bnt 
it varies slightly, and should he determined (and afterwards 

• The masimam reducing effect of zinc is obtained hy esposing- as lugs 
a'aurfnce as possible of the metal in c hot coaccatrated solutioa coatainipg 
but little free acid (Thorpe). 
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checked every two or three weeks) by weighing up 0.2 gram of 
iron wire, dissolving in 10 c.c. of dilute sulphuric acid, diluting to 
about 100 c.c, and titrating. 

The standard solution must be put in a burette with a glass 
stopcock, as it attacks india-rubber. The assay should be con- 
tained in a pint flask, and be cooled before titrating. The stan- 
dard solution must be run in until a pinkish tinge permeates the 
whole solution ; this must be taken as the finishing point. When 
certain interfering bodies are present this colour quickly fades, 
but the fading must be ignored. "With pure solutions the colour 
is fairly permanent, and a single drop of the potassium perman- 
ganate solution is sufficient to determine the finishing point. 

2. With Bichromate of Potash. — Prepare a stundard solution by 
dissolving 4.39 grams of the powdered and dried salt in water, and 
dilating to i litre. This solution is permanent, its strength is de- 
termined by dissolving 0.2 gram of iron wire in 10 c.c. of dilute^ 
•sulphuric acid, diluting to about a quarter of a litre, and titrating. . 

Also prepare a test solution by dissolving o.i gram of ferri- 
cyanide of potassium in 100 c.c. of water. This solution does not 
-keep well and must be freshly prepared. 

An ordinary burette is used. The assay is best contained in ai> 
glazed earthenware dish, and may be titrated hot or cold. To 
determine the finishing point, place a series of drops of the 
ferricyanide solution on a dry white glazed plate. The drops 
should be of about the same size and be placed in lines at fairly 
;equal distances. The bichromate is run in, in a steady stream,, 
the assay solution being continuously stirred until the reaction is 
sensibly slackened. Tben bring a drop of the assay with ther 
stirrer in contact with one of the test drops on the plate. The 
standard can be safely run in i c.c. at a time, so long as the test- 
drop shows signs of a precipitate. When only a coloration is- 
produced run in cautiously a few drops at a time so long as twa 
drops of the assay gives with the test a colour which is event 
faintly greener than two drops of the assay solution placed along* 
side, ^e finishing point is decided and practically permanent^ 
although it demands a little practice to recognise it. The titra- 
tion with permanganate, of potassium has the advantage of a more 
distinct finishing point and easier mode of working ; its applica- 
tion, however, is somewhat limited by the disturbing efiects of 
hydrochloric acid. The bichromate method has the advantage of 
a standard solution which does' not alter in strength, and the 
further one of being but little affected by altering conditions of 
assay. Hydrochloric acid has practically no effect on it. Both 
inethods give accurate results and are good examples of volumetric 
methods. 
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The following results illustrate the extent to which the methods 
may be relied on ; and the influenco which the various conditions 
of experiment have on the assay. 

Solutions of ferrous sulphate and of ferrous chloride were made 
containing 0.5 gram of iron in each 100 cc, thus corresponding 
to the standard solutions of permanganate and bichromate of 
potassium. These last were prepared in the way already de- 
scribed. The solution o£ ferrous sulphate was made by dissolving 
5.01 grama of iron wire in 100 c.c. of dilute sulphuric ncid and 
diluting to i litre. A similar solution may be made by dissolving 
34,82 gi'aras of pure ferrous sulphate crystals in water, adding 
100 c.c. of dilute sulphuric acid, and diluting to i litre. 

Bate of Oxidation by Exposure to Air. — This is an im- 
portant consideration, and if tho I'ate were at all rapid would 
have a serious influence on the manner of working, since exclusion 
of air in the various operations would be troublesome. 20 c.c. of 
the solution of ferrous sulphate were taken in each experiment, 
acidified with 10 c.c. of dilute sulphuric acid, and diluted to 100 
c.c. The solution was exposed, cold, in an open beaker for vaqr- 
ing lengths of time, and titrated with permanganate of potossioiiii 

Time exposed . . 1 hour i day 2 dajs 3 days 
0.0. required. , . 19.2 ig.t 19.0 19.0 

These results show that the atmospheric oxidation in cold solU' 
tions is unimportant. With boiling solutions the results an 
somewhat different ; a solution which at the outset required 20 ex. 
of permanganate of potassium, after boiling for an hour in in 
open beaker (without any precautions to prevent oxidation), 
water being added from time to time to replace that loBt by 
evaporation, required 19.2 c.c. If the solution be evaporated to 
dryness the oxidising power of eoncentmted sulphuric acid coma 
into play, so that very little ferrous iron wi!l be left. A solution 
evaporated in this way required only 2.2 c.c. of permanganate of 

Effect of Varying Temperature. — In these experiments the 
bulk was in each case 100 c.c, and 10 c.c. of dilute sulpli uric add 
were present. The permanganate required by 

1 CO, of feiToua sulishnte was, at 15° 1.0 c.c, and at 70° l.l CO. 
10 „ .. ,. „ 9.7 „ 9-8 B 



The lower result with tLe 100 c.c. may be due to oxidation from 
expoBui'B. 



E£Ebot of Varying Bulk.— The following experiments show 
Shat coDsidei'ablo variations in bulk have no practical eUect. Id 
each case 20 c.c. of ferrous sulphate solution and lo c.c. of diluto 
acid were used. 



Sffect of Free Sulpliurio Acid. — Free acid is necessary for 
these assays ; if there is an insufficiency, the assay solution, instead 
of immediately decolorieing the permanganate, assumes a brown 
oalooT. The addition of lo c.c. of dilute sulphuric acid suffices to 
meet requirements and keep the ass.ay clear throughout. The 
following experiments show that n considerable excess of acid 
may be used without in the least affecting the results. In each 
«ase 2Q c.c. of ferrous sulphate wei'a used. 
Dilute sul- 

phurio acid i/) c.o. 5.0C.C lo.oc.c. 20.0 c.c. 50.00.C. loo.oo.c. 
Permanganate 

required . 19,3 „ 19.3 „ 19.3 „ 19.3 „ 19.3 ,. 19.3 .. 

Effect of Foreign Salts. — When the assay has been reduced 
with zinc varying quantities of salts of this metal pass into solu- 
tion, the amount depending on the quantity of acid and iron 
present. Salts of sodium or ammonium may similarly be intro- 
duced. It is essential to know by experiment that these salts 
do not exert any effect on the titration. The following series of 
experiments show that as much as 50 grams of zinc sulphate may 
be present without interfering. 

Zinc snlphstD pri>senC . o gram 

Pennanganate reqnired . 19.3 c.c 

L, sodium, and 



1 



Magnesiui 
iffect. 

Aitim nnin sulphate present 
PeTmanganate leqnired . 
Sodic Eulphate present 
Fermaaganate reqaiied . 



gram 10 grams 50 grai 
9.3C.C. 19.3 C.G. 19.3 c. 

salts, are equally without 



19.3 c. 



19.3 c. 



-It is 



important to 
assay may 



Effect of Varying Amounts of Iron. 
know within what limits the quantity of ii 
safely vary from that used in standardising. In the followinj^ 
experiments the conditions as to bulk, acidity, and mode of 
working were the same as before ; — - 

Ferrons snlpbate solution taken 1 c.c. 10 c.c, 20 c.c, i;o 0.0. ; 00 c.c 
FemiangaDatc requiied . .1.0,, 9-7,. '9-6>> 4ti 9 1> 97-7 ■> 
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The ferrous sulphate solution is here a little weaker than-tt^ 
of the psnnanganate of potassium, but the results show that tbB 
permanganate required is proportional to the irou pi^sent. 

TitratioiiB in Hydrochloric Solutions. — These are less 
Eatiefa^^torj thau those in sulphuric solutions, since an excess of 
hydrochloric add decomposes permanganate of potassium, evolv- 
ing chlorine, and since the finishing point is indicateci, not by the 
persistence of the pink colour of the permanganate, but by a 
brown coloration probably due to perchloride of manganese. 
Nevertheless, if the solution contains only from 5 to lo per cent. 
of free hydrochloric acid (sp. g. 1.16) the results are the same aa 
those obtained in a sulphuric aeid solution. Equal weights 
(o.i gram) of the same iron wire required exactly the same 
quantity of the permanganate of potassium solution (20 c.c.) 
whether the iron was dissolved in dilute sulphuric or dilute 
hydrochloric acid. The following series of experiments are on 
the same plan as those given above with sulphuric acid solutions. 
A solution of ferrous chloride was made by dissolving 5,01 gnung 
of iron wire in 5a c.c. of dilute hydrochloric acid and diluting to 
I Utre. The dilute Lydrochloric acid was made by mixing equal 
volumes of the acid (sp. g. 1.16) and water. 

Bate of Atmospheric Oxidatioa.^zo cc. of the ferrous 
chloride solution were acidified with 10 c.c. of the dilute hydro- 
chloric acid and diluted to 100 c.c. This solution was exposed cdd 
in open beakers. 

Time esposcd . . — I hour i day 3 days 3 day* 

Permangacate required ig.6 c.c. ig.6c.c. 19.50.0. 19.4 cc. 19.5 ca 

Similar solutions boiled required, before boiling, 20 c.c; after 
boihng for one hour, replacing the water as it evaporated, 19,3 
c.c. ; and after evaporation to a past« and redissolving, 17.0 oj3.i 
Effect of Tarying Temperature.^ Solutions similar to Uie 
last were titrated and gave tlie f oUowing results : — 

■5° 30° 50' 7°' 

19. Sec. 1960.0. 19.5 c.c. 19.40,0, 

BflFect of Varying Bulk. — As before, 20 c.c. of the iron solu- 
tion, and 10 c.c. of the dilute acid were diluted to the required 
volumes and titrated. 

Bulk 30 c.c, 100 c.c. SCO c.c. 1000 cei 

Fercaanganate required . 20.4 „ 20.3 „ 20.S „ 21.5 «. 

The variation due to difference in bulk here, although only 
equal to an excess of 0.7 milligram of iron for each loo c.c. m 
dilution, are about three times as great as those observed in* 
sulphuric acid solution. 



"Bttect of Free Hydrochloric Acid. — In these experiments 
:o c.c. of the ferrous chloiide solution were used with varying 
[uantities of acid, the bulk of the assay in ench case being 



5 
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The last had a very indistinct finishing point, the brown color- 
ation being very evanescent. The effect of the add ia modified by 
the presence of alkaline and other sulphates, but not by sulpLua ' 
a<ad- Repeating the last espeiiment we got — 
Without further addition. 
With loo c.c. of dilute sulphuric acid 
H, „ lo grains amiuoiiic sulphate . 

K „ 10 „ eadlo sulphate . 

^" „ lo „ magnesium eulphate , 

I „ 10 „ munsanese sulphate 

The results with these salts, in counteracting the intei-ference 
of the acid, howeTcr, were not a complete success, since the end- 
reactions were all indistinct, with the exception, perhaps, of that 
with the miinganese sulphate. 

Effect of Varying Amounts of Iron. — In these experiments 
the bulk of the assay was loo c.c, and lo c.c. of acid were pro- 

Ferroas chloride used . I c.c. lo c.c. zo co. 50 c.c. roo c.c 
PermangaDate reqnircd 1. 1 „ 10.3 „ 20.3 „ 50.4 „ loo.l „ 

In making himself familiar with the permanganate of potassium 
titration, the student should practise by working out a series of 
experiments similar to the above, varying his conditions one at a 
time so as to be certain of the cause of any variation in his results. 
He may then proceed to experiment on the various methods of 
reduction. 

A golution ofjerric chloride is made by dissolving 5.01 grams of 
iron wire in 50 e.c. of hydrochloric acid (sp. g. 1.16), and running 
from a burette nitric acid diluted with an equal volume of water 
into the boding iron solution, until the liquid changes from a 
black to a reddish-yellow. About 4.5 c.c, of the nitric add will 
be required, and the finishing point is maj-ked by a brisk effer- 
vescence. The solution of iron should be contiined in an evapor- 
ating dish, and boiled briskly, with constant stiri'tcg. There 
ehould be no excess of nitric acid. Boil down to about half itB 
huJk; then cool, and dilute to one litre with water. Twenty c, 
of this solution diluted to 100 c.c. with water, and acidified with 
lo c.c. of dUute hydrochloric acid, should not decolorise any o 
the permanganate of potissium solution; this shows the absence 
of ferrous salts. And 20 c.c of the Bame solution, boiled witif 
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ao c.c. of the ferrous sulphate Bolutioa, should not decreaso the 
quantity of "permanganate" required for the titration of the 
ferrous sulphate added. In a series of experiments on the various 
methods of reduction, the following results were got. The modes 
of working were those already described. 

(i) WU/i Stannous Chloride. — Twenty c.c. of the ferric chloride 
soluUon required, after reduction with stannous chloride, 20 c.c 
of " permanganate." Fifty c.c. of a solution of ferrous chloride, 
which required on titration 49.8 c.c. of "permanganate," required 
for re-titration (after subsequent reduction with staimous chloride) 
50 c.c. of the permanganate Bolution. 

{2) With Sulphuretted Hydrogen. — Tivo experiments with this 
gas, using in each 20 e.c. of the ferric chloride solution, and iocs. 
of hydrochloric acid, required (after reduction) ao.a c.c. and ao.i 
c.c. of " permanganate." Repeating the experiments by passing 
the gas through a nearly boiling solution, but in other respects 
working in the same way, 21.3 c.c, and 21.6 c.c of the perman- 
ganate solution were required. The sulphur was not filtered off 
in any of these. In another experiment, in which 5a c.c. of the 
ferrous sulphate solution were titrated with " permanganate," 
48 c.c. of the latter were requinjd. The titrated solution wag 
next reduced with sulphuretted hydrogen, brought to the Bame 
bulk as before, and again titrated ; 47.9 c.c. of the permanganiite 
of potassium solution were required. 

(3) With Sodium, Sulphite. — Twenty c.c. of the ferric chloride 
solution, reduced with sodium sulphite, required 19.9 c.c. of "pet- 
■nenganate." In one experiment 50 c.c. of the ferrous sulpliata 
solution were titrated with " pemianganate " ; 49.3 c.c. of the Inst- 
mentioned solution were required. The titrated solution was re- 
duced with sodium sulphite, and again titrated ; it required 
49.2 c.c. of the permanganate of potassium solution. 

(4) With Zinc. — Twenty c.c. of the ferric chloride solution, re- 
duced with zinc and titrated, required 20. S c.c. of "permanga- 
nate." Fifty c.c. of a solution of ferrous sulphate whi(£ requirad 
49.7 c.c. of " permanganate," required for re-titration, after redoo- 
tion with zinc, 49.7 c.c. 

The student should next practise the titration with bichromate, 
lyhich is more especially valuable in the estimation of hydrochloric 
acid solutions. The foUowing experiments are on the same plan 
as those already given. In each experiment {except when other- 
wise stated) there were present 20 c.c. of the ferrous chloride 
solution, and 10 c.c. of dilute hydrochloric acid, and the bulk vM 

JOO C.C. 

Effect of Varying Temperatura.— The quantities of the b 
chromate of potassium solution required were as follows ; — 



Effect of 78171118 Bulk.— 



Effect of Varying Acid. — In these, variable quantities of 
IJlnte liyJrochloric aciJ were used. 

10 C.C. 50 C.C. 100 CO. 
20.3 n 20.3 ,. 30.x „ 

Effect of Foreign Salta. — The effect of the addition of 10 
^ams of crystallized zinc sulphate wa,s to decrease the quantity of 
" bichromate " required from 20.3 c.c. to 20.1 cc, but the colour 
produced with the test-drop was very slight at 18.5 cc, and with 
incautious work the finishing point might have been taken ony- 
whero between the^e extremes. Zinc should not be used as a 
reducing agent preliminary to a " bichromate " titration. Ten 
grams of ammonic sulphate had the effect of rendering the finish- 
ing point faint for about 0.5 c.c. before the titi-ation was finished, 
but there was no doubt about the finishing point when allowed to 
stand for a minute. The student should note that a titration is 
not completed if a colour is developed on standing for five or ten 
minutes. Ten grams of sodic sulphate had no eUect; 20.3 c.c. 
were required. 

Effect of Vaxylog Iron. — The results are proportional, as 
will be seen from the following details : — 
FeiToaa cliloTide 









12-3 -■ 



The student may now apply these titrations to actual assays of 
minerals. The following examples will illustrate the mode of 
working and of calculnting the results : — 

Determination of Iron In Chalybita. — Weigh up 1 gram 
of the dry powdered ore, and dis.'iolvo in 10 c.c, of dilute sulphuric 
acid and an equal volume of water with the aid of heat. Avoid 
evaporating to dryness. Dilute and titrate. The result will give 
the percentage of iron existing in the ore in the ferrous state. 
Some ferric iron may be present. If it is wished to determine 
this also, add (in dissolving another portion) id c.c. of dilute 
hydrochloric ncid to the sulphuric acid already ordered, and reduce 
the resulting solution before titrating. By dis.solving and titi-ating 
(without previous reduction) one has a measure of the ferrous 
iron present; by dissolving, reducing, and then titrating, one can 
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and as the iron exists in only two kaa- 
s th.e ferrous iron, is the measure of the 



I 



measure the total i 
ditions, the total iri 
ferric iron. 

Setgnriination of Iron in Brown or Bed Ores or M^- 
netite. — Weigh up 0.5 gram of the ore (powdered and dried at 
160° C), and dissolve in from 10 to 20 c.c. of strong hydrochloric 
acid, boiling until all is dissolved, or until no coloured particles 
are left. Dilute, reduce, and titrate. 

Determination of Iron in PyritBB. — Weigh up i gram of 
the dry powdered ore, and place in a beaker. Cover with 10 co. 
of strong sulphuric acid, mix well by shaking, und place on the 
Lot plate without further handling for an hour or so until the 
action has ceased. Allow to cool, and dilute to 100 c.c. Warm 
until solution ia complete. Eeduce and titrate. 

Determination of Iron in Substances Insoluble in 
Acids. — Weigh up i gram of the ore, mix with 5 or 6 grams 
of carbonate of soda and 0.5 gram of nitre by rubbing in a BinaJl 
mortar, and transfer to a platinum crucible. Clean out the 
mortar by rubbing up another gram or so of soda, and add this to 
the contents of the crucible as a cover. Fuse till tranquil. Cool. 
Extract with water. If the ore carries much silica, evaporate to 
dryness with hydrochloric acid to separate it. Be-dissolve in 
hydrochloric acid, and separate the iron by precipitating with 
ammonia and filtering. If only a small quantity of silica is 
present, the aqueous extract of the " melt" must be filtered, and 
the insoluble residue washed and dissolved in dilute hydrochloric 
acid. Eeduce and titrate. 

A convenient method of at once separating iron from a solution 
and reducing it, is to add ammonia, pass sulphuretted hydrc^en 
through it, filter, and dissolve the precipitate in dilute sulphuric 
acid. The solution, when boiled free from sulphuretted hydrogen^ 
is ready for titrating. 

STAWKOtrS CHXOBIDE PROCESS. 

The colour imparted to hot hydrochloric acid solutions by a 
trace of a ferric compound is so strong, and the reducing action of 
stannous chloride is so rapid, that a method of titration is based 
upon the quantity of a standard solution of stannous chloride 
required to completely decolorise a solution containing ferric 
iron. This method is more especially adapted for the assay of 
liquors containing much ferric iron and of those oxidised oraB 
which are completely soluble in hydrochloric acid. It must be 
remembered, however, that it only measures the ferric iron pre- 
eeat, and when (as is generally the case) the total iron is wanted 
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it is well to calcine the weighed portion o( ore previous to 
solution in order to get the whole of the iron into the higher 
state of oxidation, since many ores which are generally supposed 
to contain only ferric iron carry a considerable percentage of 
ferrous. 

Th& stanruma chloride solution is made by dissolving 20 grams 
of the commercial salt (SnCl,.2HjO) in 100 c.c. of water with the 
help of 20 c.c. of dilute hydrochloric acid, and diluting to a litre. 
The solution may be slightly opalescent, but should show no 
signs of a precipitate. The strength of this is about equivalent 
to I gram of iron for each 100 c.c. of the solution, but it is apt to 
lessen on standing, taking up oxygen from the air, forming stannic 
chloride. A larger proportion of hydrochloric acid than is ordered 
above would remove the opalescence, but at the same time increase 
this tendency to atmospheric oxidation, as the following experi- 
ments show. The stannous chloride solution (20 c.c.) was mixed 
with varying amounts of strong hydrochloric acid (sp. g. 1.16), 
diluted to 100 c.a, and exposed in open beakers for varying 
lengths of time ; and the residual stannous chloride measured by 
titration with permanganate. The quantities required were as 
follows : — - 



Time Exposed. 


50 per cent Acid. zb per cent. :i^eid. ' 1 per cent. Acid. 


I hour 


33.2 CO. ••• 34*4 ^•^' ••• 34-5 ^'^' 


I day 


••• 5'0 » ••• 24*0 ft ••• 27'6 „ 


2 days 


... 3'0 11 ••• '4*5 »» ••• 21.3 f) 



These indicate very clearly the increased susceptibility to oxida- 
tion in. strongly acid solutions. 

A stcmdard soliUion 0/ ferric cMorider is prepared in the same 
manner as that described under the experiments on the methods 
of reduction; but it should be of twice the strength, so that 
100 c.c. may contain i gram of iron. . This solution is used for 
standardising the stannous chloride when required ; and must be 
carefully prepared ; and tested for the presence of nitric acid. 

The titration is more limited in its application than either of 
the oxidising processes because of the restrictions as to bulk, quality 
and quantity of free acid present, and other conditions of the 
solution to be assayed. The following experiments show the con- 
ditions necessary for a successful titration. 

Effect of Varying Temperature. — Twenty c.c. of ferric 
chloride solution with 20 c.c. of strong hydrochloric acid, diluted 
to 50 c.c, gave the following results when titrated : — 



Temperature . ... 15** 30° 70* 100* 

Statmons chloride required 22.8 c.c. 22.0 c.c. 22.1 c.c. 22.0 0.0. 

The finishing point, however, is more distinct the hotter the 






1^80. MgO, 
iij6 c^ >uG oe. 


ISi. 


^. 



hydrochloric a«d) nHAamiif 50 ctl, and kept bofling, the qian- 
titj of st&n&oos chlcoide salntion reqaiind is jnscficaUy propw 
taoaal toihe ii 
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The Btadent, having prartised some of the above expenment^ 
may proceed to the assay of aa iron ore. 

Determination of Iron in Brown Iron Ore. — ^Weagh np 
1 gram of the dried and powdered or^ caldne in the 
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platinum crucible, and dissolve up in an ev&fotaiing disli* with 
ao CO. of strong hydrochloric acid. When solution is complete, 
dilute to 50 c.c. after replacing any acid that may have been 
evaporated. Boil, and niu in the etannous chloride solution until 
the colour ia faintly yellow ; boil again, and continue the addition 
of the stannous chloride solution, stirring continuously until the 
eolation appears colourless. Note the quantity of the stannous 
chloride solution required. Suppose this to be 59 c.c. Take 
60 c.c. of the standard ferric chloride solution, add zo C.C. of 
hydrochloric acid, boil and titrate in the same way a^ before. 
Suppose this to require 61 c.c. Then as 61 ix equivalent to 60 of 
the iron solution, 59 is equivalent to 58.13,+ This gives the per- 
centage. It is not necessary to standardise the stannous chloride 
solution in this way with each sample assayed, the ratio 61 : 6o 
would serve for a. whole batch of samples; but the standardising 
ehould be repeated at least once each day. 

COLOBIUEl^IC UETHOD. 

This method Is valuable for the determination of small quantities 
of iron present as impurities in other metals or ores. It is based 
on the red coloration developed by the action of potassic sulpho- 
cyanate on acid solutions of ferric salts. 

Standard Ferric Chloride Solution. — Take 1 c.c. of the ferric 
chloride solution used for standardising the stannous chloride 
eolution, add 3 c.c. of dilute hydrochloric acid, and dilute to i litre 
with water, i c.c. = 0.01 milHgram. 

Solution of Folassio SvlpJutci/anate. — Dissolve 60 grams of the 
salt in water, and dilute to a litre. It should be colourless. Use 
10 c.c. for each teat. 

The quantity of the substance to be weighed for the assay 
should not contain more than a milligram of iron; consequently, 
if the ore contain more than 0.1 pur cent, of that metal, less than a. 
gram of it must be taken. 

The method is as foJlows : — "Weigh up i gram of the substance 
and dissolve in a suitable acid ; dilute ; and add permanganate 
of potash solution until tinted. Bail for some time and dilute to 
100 c.c. Take a couple of Nesaler tubes, holding over 100 c.c, 
but marked at 50 c.c. ; label them " i " and " 2 "; and into each 

• About S inches in diameter, 

+ 61 : 60 ; : 59 : 58,13. 

The iron in the ore ia, tkcn, the same in amomit as that in 58,13 c.c. of the- 
forric chloride Eolation ; and since loo c.c. of the latter contain i gram of 
iron. 58.13 c.c. of the same contains 0.5S13 griLm of Iron ; and, further, if 
1 gram of ore carries this amount of iron, 100 graros of ore will obvioufily 
Cive 58.13 grams of iron. 
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put 10 c.c. of the potassic Kulphocyanate solution and 2 ca of 
dilute hydrochloric acid. The solutions should be colourless. To 
" 1 " add 10 c.c. of the assay solution, and dilute to the 50 e,c. 
mark. To the other add water, but only to within 5 or 10 cc of 
this mark, Now ruD in the standard feme chloride solution from 
a small burette, i c.c. at a time, stirring after each addition tfll 
the colour is nearly equal to that of the assay (No. i). At this 
stage bring the sidution to the some level by diluting, and make 
a further addition of the standard ferric chloride aolntioii till the 
colours correspond. The amount of iron will be the same in each 
tube ; that in the standari may be known by reading off the 
volume from the burette and multiplying by o.oi milligram. 

If the 10 c.c. of the assay solution gave a colour requiring moTB 
than S or 6 cc. of the standard ferric chloride solution, repeat the 
determination, taking a smaller proportion. 

The effect of varying couditions on the assay will be seen from 
the following experiments ; — 

Effect of Varying Temperature. — The effect of increase of 
temperature is to lessen the colour ; in fact, by boiling, the colour 
can be entirely removed. AJl assays are best carried out intiw 

1 c.c. at 15° would only show the colour of o. 75 0.0. at 4.5° 

2 ,. ,. M „ 1.7s 

Effect of Time. — The eQ'ect of increase of time is to incre.t33 
the colour, as will be seen from the foUoiving experiments : — 
2 CO. on standing 10 minntes became equal to 2.25 c.c. 
a !, „ 40 .. " " 3'Oo .. 

Effect of Free Acid, — If no acid at aJl be present, the sulpho- 
cyanate of potassium solution removes the colour it first produces, 
so that a certain amount of acid is necessary to develop the colour. 
The use of a large excess has a tendenty to increase the colour 
produced. 

S 0.0. nitrio acid (sp. g. 1.4) read 3,7 o,c inatead of 2 c.c. with the dilate 

5 0.0. aolphurio acid (sp. g. 1.32) read 2.3 0.0. instead of 2 c.c. with tlie 

dilute acid. 
5 c.c. hydrochlorio acid (sp. g. 1. 16) read 2.5 cc. instead of 2 c.c. with the 

dilute acid. 
Effect of Foreign Metals. — Lead, mercury, cadmium, l»s- 
tnuth, arsenic, tin, antimony, nickel, cobalt, manganese, aluminium, 
zinc, strontium, barium, calcium, magnesium, sodium, or potassium, 
when separately present in quantities of from 100 to aoo times 
the weight of iron present, do not interfere if tiiey have previous" 
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beet) brought to their highest oxidLsed condition by boiling with 
nitric acid or by treating with permnnganftte. Arsenic and phos- 
phoric acids interfere unless an excess of freo hydrochloric or 
other acid is present. Oxilic acid {but not tartaric acid) in minute 
<inantitie3 destroys the colour. Nitrons acid strikes a red colour 
with the Bulphopynnato of potassium ; consequently, when nitrio 
acid has been used in escess, high results may be obtained. Copper 
and some other metals interfere, so that in most cases it is advis- 
able to concentrate the iron before estimating it. A blank expe- 
riment should always be made with the reagents used in order to 
determine the iron, if any, introduced during the solution, 4c., of 
the substance assayed. 

Determination of Iron in Metallic CoppQC. — This may be 
most conveniently done during the estimation of the arsenic. The 
small quantity of white ilocculent precipitate which may bo ob- 
served in the acetic acid solntion before titrating, contains the 
whole of the iron as ferric arsenate. It should be filtered off, 
dissolved in lo c.c. of dilute hydrochloric acid, and diluted to 
loo c.c; 10 c.c, of this may be taken for the estimation. For 
example: lo grams of copper were taken, and the iron estimated; 
3.0 c.c. of standard ferric chloride solution were used, equivalent 
to 0.03 mUbgram of iron; this multiplied by 10 (because only 
^th of the sample was taken) gives 0.3 miUigram as the iron in 
10 grams of copper. This equals 0.003 P^^ cent. 

In a series of experiments with this method working on lo-gram 
lots of copper, to which known quantities of iron had boon added, 
the following were the results : — 

Iron present . . o 015 7b 0.070 % o.ioo 7, 0,495 "L 
Iran lonnd , 0.015 " 0061 „ 0.0S7 „ 0.522 „ 

When no arsenic is present in the copper, the iron can he sepa- 
rated by fractionally precipitating with sodic carbonate, dissolving 
in ammonia, and filtering off the ferric hydrate. Coppers gene- 
rally carry more iron the less arsenic they contain. 

Determination of Iron in Metallic Zinc. — Dissolve i gram 
of zinc in 10 c.c. of dilute hydrochloric acid, adding a drop or two 
of nitric acid towards the end to effect complete solution. Boil, 
dilute, and tint with the permanganate of potassium solution ; boO 
till colourless, and dilute to roo c.c. Take 10 c.c. for the deter- 
mination. Make a blajii: esperiment by boiling 10 c.c. of dilute 
hydrochloric acid with a drop or two of nitric acid ; add a similar 
quantity of the permanganate of potassium solution, boiling, 4c., 
as before. The quantity of iron in zinc varies from less than 
0.005 ^ more than 3.0 per cent. When i gram is taken and 
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worked as above, each c.c. of ferric chloride solution required indi- 
cates o.oi per cent, of iron. 

Deter mination of Iron in Metallic Tin. — Cover i gram of 
tin with 5 c.c. of hydrochloric acid, add i c.c. of nitric acid, and 
evaporate to dryness. Take up with 2 c.c. of dilute hydrochloric 
acid, add 10 c.c. of the potassic sulphocyanate solution, and make 
up to go c.c. Probably the colour developed will be brown instead 
of red owing to the presence of copper : in this case, add to the 
standard as much copper as the assay is known to contain (which 
must have previously been determined; see Cojjper); the titration 
IB then carried out in the usual way. 

Or the iron may be separated from the copper in the tin by the 
following process : — Dissolve 5 grams of metal in 30 c.c. of hydro 
chloric acid and g c.c, of nitric acid, and evaporate to dryness, 
Take up with 5 c,c. of dilute hydrochloric acid, add 10 grams of 
potash dissolved in 30 c.c. of water, and warm till the tin is dis- 
solved. Pass sulphuretted hydrogen, boil, cool, and filter. The 
iron and copper will be in the precipitate. They are separate^^^ 
the ordinary manner. 

PRACTICAL EXERCISES, 

I. Calculate from tbe following determination b the percentl( 
feiTona, ferric, and total iron in the eample of ore used. 
I gTa.m of ore dissolved and titrated leqnlred 26.7 s 

bichromate of potaasinm solution. 

I gram o£ ore dissolved, redaced, and titrated required 43J 

of bichromate of potassium solution. 

Staudard = 1,014. 

3, One gnun of an ore contained 0,307 gram of ferrous iron and 0,655 E™" 

of total iron. The iron eiiating as oxide, what are the pei- 

centages of ferrous oxide (FeO) and ferrio oxide [Fe,Oj) ill 
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3. One gram of brown iron ore dissolred in hydroohlorio acid required 

59.2 CO. of stannous chloride (standard =0,930). Another gram 
dissolved in acid and titrated with " perma-ngaoate " required 
S.z c.c, (standard=o,495i). Calculate the percantagea of fenoui, 
ferric, and total iron. 

4. Another gram of tbe same ore, roasted, dissolved and titrated with 

stannous chloride, required 63.5 0.0. To what extent does thii 
result confirm the others ^ 

5. Two gratas of a metal were dissolved and diluted to 100 c.c. Five ab. 

were taken for a colorimctric determination, and required 4.5 oj 
of the standard ferric chloride solution. What is the per — "^ 
ofironin themotal? 







NICKEL. 

Kickel and cobalt are cloEely related id their chemical proper- 
ties, and may best be considered togother. Nickel is the commoner 
of the two, and is met with in comtnerce alloyed with copper and 
zinc as German silver; as also in the coinage of the United States 
and on the Continent. It ia used for plating polished iron and 
steel goods, forming a coating little liable to rust and taking a 
good polish. The ores of nickel are not very common. Kupfer- 
nickel and chloanthite are arsenides of nickel with, generally, 
more or less iron and cobalt. Noumeite and gamiorite are 
hydrated silicates of nickel and magnesia. The cliief sources of 
nickel are these silicates, which are found in large quantity in 
New Caledonia ; and a pyrites found in Norway, containing three 
or four per cent, of the metal. In smaller quantities it is more 
widely distributed, being frequently met with in copper ores; 
consequently, commercial copper ia rarely free from it. 

Nickel is readily soluble in moderately concentrated nitric acid^ 
Its salts are mostly green, and soluble in excess of ammonia,. 
forming blue solutions ; in these respects it resembles copper. 
The acid solutions, however, are not precipitated by sulphuretted 
hydrogen, although in alkaline solutions a black sulphide is 
formed which is insoluble in dilute hydrochloric acid. If the sul- 
phide is formed in a solution containing much free ammonia, the 
precipitation is incomplete, some sulphide remaining in the solu- 
tion and colouring it dark brown. These reactions serve to dis- 
tinguish and separate nickel from other metals, except cobalt. If 
the separated sulphide be heated in a borax bead, the colour 
obtained will be a sherry brown in the outer flame, and grey or 
colourless in the inner flame if nickel only is present. In the 
presence of cobalt these colours are masked by the intense and 
characteristic blue yielded in both flames by that metal. 

DBT ASSAY. 

■The dry assay of nickel (cobalt being at the B.Tme time deter- 
mined) is based on the formation of a speise wliich will carry the 
cobalt, nickel, copper, and some of the iron of the ore in combina- 
tion with arsenic. A speise of this kind, fused and exposed at a 
red heat to air, first loses arsenirla of iron by oxidation. It is 
only when the iron has been oxidised that the arsenide of cobalt 
begins to bo attacked; and when the removal of the cobalt is 
coniplote, the nickel commences to pass into the slag, the copper 
being left till last. Tlie changes are rendei-ed evident by fusion 
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in contact with borax. The process is as foUowa : — Weigh np 5 
grams of the ore, and luilcme thoroughly on a roasting dish in the 
muffle. E.iib up with some anthracite, and re-roast. Mix inti- 
mately with from 3 to 5 grams of metallic arsenic, and heat in a 
small covered clay crucible at dull redness in a muffle until no 
more fumes of an^nic come off (about 15 minutes). Takeout the 
crucible, and inject i mixture of zo grams of carbonate of soda, 5 
grams of Qour, and z ^ams of fused borax. Place in the wind 
furnace, and raise the temperature gradually until the charge is 
in a state of tranquil fusion. Pour ; when cold, detach the 
button of speise, and weigh. 

Weigh out carefully a portion of about i gram of it. Place a 
shallow clay dish in the muffl!e, and heat it to bright redness ; then 
add about 1.5 gram of borax glass wrapped in a piece of tissue 
paper ; when this has fused, drop the piece of speise into it. Close 
the muffle until the speise has melted, which should be almost at 
once. The arsenide of iron will oxidise first, and when this has 
ceased the surface of the button brightens. Remove it from the 
muffle, and quench in water as soon as the button has sohdified. 
The borax should be coloured slightly blue. Weigh : the loss ia the 
arsenide of iron. Repeat the operation with the weighed button 
oQ another dish, using rather less borax. Continue the scorification 
until a film, green when cold, floating on the surface of the button 
shows that the nickel is beginning to oxidise. Cool, separate, and 
weigh the button as before. The loss is the arsenide of cobalt. 

If copper is absent, the speise is now arsenide of nickel. 

The weight of nickel coiresponding to the arsenide got is cal- 
culated by multiplying by 0.607 '> ''■nd, similarly, the weight of the 
cobalt is ascertained by multiplying the loss in the last scorifica- 
tion by 0.615.* I*' must be remembered that the nickel and 
cobalt so obtained are derived from a fraction only of the apeiae 
yielded by the ore taken, so that the results must he multiplied by 
the weight of the whole of the speise, and divided by the weight 
of the fragment used in the determination. As an example, 
suppose 5 grams of ore gave 3.3 grams of speise, and i.i gram of 
this gave 0.8 gram of nickel arsenide. Then — 

0.8 X 0.607 = o.48s6 gram of nickel 
0.4856 >; 3.3-f-i.i = 1.456 gram of nickel 
And this being obtained from. 5 grams of ore is equivalent to z9.11 
per cent. 

When copper is also present, weigh up accurately about 0.5 
gram of gold, and place it on the scorifier with the button of 
nickel and copper arsenide, using borax as before. Scorify until 

' Theae oompoimda are Ni, As and Co,Ab. 




the bntton shows the bluish-green colour of a fused gold-copper 
alloy. Then cool, and weigh the button of copper and gold. The 
increase in weight of the gold button gi> 
The weight of the copper multiplied by i 
copper arsenide (CujAs) present. The 
nickel arsenide. 

The student should enter the 
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Ore taken . . . _ 
Speis« got . . . — „ 

Speise talteu .... 
^^enidi^E of cobalt, nickel, and 
„ nickel and copper 

Gold added 
Gold and cupper got 
Bhowitig Col«ilt 
Nickel 



WET METHODS. 




Solution and Beparation. — Two or three grams of a rich ore, 
or 5 to lo gruma if poor, ai-e taken for the assay. If muchu 
arsenii: in present (as is usually the case), the ore must be calcined 
before attacking with acids. Transfer to a flask ; and boil, 
with hydrochloric acid until the oxides are dissolved, and then> 
with the help of nitric acid, until nothing metajliferoua is left.. 
Dilute, nearly neutralise with soda, and separate the iron as basic - 
acetate,* as described in page 193. Through the filtrate pass - 
Hulphuretted hydrogen till saturated. Allow to settle (beat over- 
night), filter, and wash. Transfer the precipitate to a beaker, and 
dissolve in nitric acid. Dilute with water, pass sulphuretted '. 
hydrogen, and filter ofi'the precipitate, if any. Boil off the gas, 
add ammonia until a precipitate is formed, and then acidify some- - 
what strongly with acetic acid. Pass sulphuretted hydrogen in a - 
slow stream until any white precipitate of zinc sulphide, there may - 
be, begins to darken. Filter; to the filtrate add ammonia, and' 
pass sulphuretted hydrogen. The precipitate will contain the- 
nickel and cobalt as sulphides. 

Where small quantities of nickel and cobalt are present, and an- 
approximate determination is sufficient, they can be concentrated 
as follows : — Remove the copper, &c., by passing sulphuretted 
hydrogen through the acid solution and filtering; add araraonia 

* With large qnantiticfl of iron the ferric precipitate slionld be re- 
dissolvcd and re-precipitatcd- The Elttntc must be added to the arigiaal 
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to the filtrate, and again pass sulphuretted hydrogen; then heat 
nearly to boiling, and filter. Dissolve the precipitate oS the filter 
with dilute hydrochloric acid ; the residue will cootaln nearly all 
the nickel and cobalt as sulphides. 

Baparatiou of Nickel and Cobalt,— Dissolve the sulphides 
separated as above in nitric acid ; render alkaline with a solution 
of potash, then acidify with acetic acid ; add a concentrated solu- 
tion of nitrite of potash. The hquid after this addition must have 
an acid reaction. Allow to stand for 24 hours in a warm pla<!e. 
Filter off the yellow precipitate of nitrito of potash and cobalt, and 
wash with a 10 per cent, solution of acetate of potash. The cobalt 
is determined in the precipitate in the way described imder Cobalt. 
The nickel is separated from the solution by boiling with sodic 
hydrate, filtering, and dissolving the precipitate in nitric acid. 
The solution will contain the nickel. 

GBAVIMETBIC DETEHMINATIOH". 

The solution, which contains the nickel free from other meta^ 
is heated, and a solution of sodio hydrate added in slight excess. 
The precipitate is filtered off, washed with boiling water, dried, 
ignited at a red heat, and weighed when cold. The ignited sub- 
stance is nickel oxide (NiO), and contains 78. 67 per cent, of nickel. 
The oxide is a green powder, readily and completely soluble in 
hydrochloric acid, and without action on litmus paper. It is very 
easily reduced by ignition in hydrogen to metallic nickel. 

Nickel is also determined by electrolysis, as follows; — The nitric 
^ acid solution is rendered 

f-*^" ~ p5a3>r^ f — strongly ammoniacal, and 

. m ■ '^j-S-i placed under the electrolytic 

; m' 1 ■ M ' j apparatus used for the copper 

IB Si assay. Three cells (fig. 56), 

I R M \ however, must be used, 

i I m ] coupled up for intensity, that 

! W I n K : I is, with the zinc of one oon- 

Fia. 56, nected with the copper of the 

next. The electrolysis is 
allowed to go on over-night, and in the morning the nickel will be 
deposited as a bright and coherent film. A portion of the solu- 
tion is drawn off with a pipette ; if it smells of ammonia, has no 
blue colour, and gives no precipitate with ammonic sulphide, the 
separation is complete. Wash the cylinder containing the de- 
posited metal, first with water and then with alcohol, as in the 
copper assay. Dry in the water oven, and weigh. The increase 



in weight is metallic nickel. 
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As aA example : — ^There was taken i gram of a nickel alio}- used 
for coinage. It was dissolved in 10 c.c. of nitric acid, and diluted 
to 100 CO. with water. The copper was then precipitated by 
electrolysis. It weighed 0.734 gram. The solution, after elec- 
trolysis, was treated with sulphuretted hydrogen, and the remain- 
ing copper was thrown down as sulphide, and estimated colori- 
metrically. This amounted to 3I milligrams. The filtrate was 
evaporated, treated with ammonia, warmed, and filtered. The 
ferric hydrate was dissolved in dilute acid, and reprecipitated, dried, 
ignited, and weighed. Its weight was 0.0310 gram. The two 
filtrates were mixed, and reduced in bulk to about 50 c.c. ; a 
considerable excess of ammonia was added, and the nickel precipi- 
tated by electrolysis. It weighed 0.2434 gram. These quantities 
axe equivalent to : 

Copper. . . 73.75 per cent. 

Nickel . . . 24.34 „ 

Iron . . . 2. 17 „ 



100.26 



COBALT 

Occurs less abundantly than nickel. Its chief ores are smaltite 
and cobaltite, which are arsenides of cobalt, with more or less iron, 
nickel, and copper. It also occurs as arseniate in erythrine, and 
as oxide in asbolan or earthy cobalt, which is essentially a wad 
carrying cobalt. 

It is mainly used in the manufacture of smalts for imparting a 
blue colour to glass and enamels. The oxide of cobalt forms 
coloured compounds with many other metaUic oxides. With oxide 
of zinc it forms " Binman's green '' ; with alumina, a blue ; with 
magnesia, a pink. This property is taken advantage of in the 
detection of substances before the blow-pipe. 

The compounds of cobalt in most of their properties closely re- 
semble those of nickel, and the remarks as to solution and separa- 
tion given for the latter metal apply here. Solutions of cobalt are 
pink, whilst those of nickel are green. 

The detection of cobalt, even in very small quantity, is rendered 
easy by the strong blue colour which it gives to the borax bead, 
both in the oxidising and in the reducing flame. It is concen- 
trated from the ore in the same way as nickel, and should be 
separated from that metal by means of potassic nitrite in the way 
described. The dry assay of cobalt has been given under Nickel, 
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[■ite, after beii^" 



The yellow prwipitate from the potassium nitrite, i ^ 

washed with the acetate of potash, ib washed with alcohol, dried, 
transferred to a weighed porcelain crucible, and cautious! 37 ignited 
with au except) of Etvong Gulpbnric acid. The heat must not be 
sufficient to decompose the sulphate of cobalt, which decomposi- 
tion is indicated by a blackening of the substance at the edges. 
The salt bears a low red heat without breaking up. If blacken- 
ing haa occurred, moisten with sulphuric acid, and ignite again. 
Cool and weigh. The substance is a mixture of the sulphates of 
cobalt and potash (2C0SO, + gKjSO,), and contains 14.17 per 
cent, of cobalt. 

Cobalt is also gravimetrically determined, like nickel, by elec- 
trolysis, or by precipitation with sodic hydrate. In the latter 
case, the ignited oxide will be somewhat uncertain in composition, 
owing to its containing an excess of oxygen. Consequently, it is 
better to reduce it by igniting at a red heat in a current of 
hydrogen and to weigh it as metalKc cobalt. 

Volumetric and colorimetric methods : — The remarks made 
under Ifickel apply here. * 

PRACTICAL EXERCISES, 

I. In the dry assay of an ore containing cobalt, nickel, and copper, the 
following reaulta were obtained. Calculate the percentagea. 
Ore taken, 5 grams. Speise formed, 0.99 gram. Speise taken, 
0.99 gram. Arsenides of cobalt, nickel, and copper got, 075 gram. 
Arsenide of nickel and copper got, o 54 gram. Gold added, o.J 
gram. Gold and copper got, 0.61 gram. 

a. Calculate the percentage composition of the foDowing compoiindat 
CojAs, Ni^, and Cu,Ah. 

3. A sample of mispickel contains 7 per cent, cobalt. What weight 

of the mixed sulphates of potash and cobalt will ba obtained in a 
gravimetric determination on I gram of the ore I 

4. 0.3157 gram, of metal was deposited by the eleotrolysia of a nicke} 

and cobalt solution. On dissolvingin nitric acid and determining 
the cobalt 0.2563 gram of potassium and cobalt eulpbates were 
got. Find the weights of cobalt and nickel present in tho 
deposit. 

5. What should be the pprcentage composition of pure cobaltite, its 

formula beizig CoAeS 1 




ZINC. 

inc occurs in nature most commonly as BuIpIiiUe (blende) ; i» 
occurs aa carbonate (calamine) and silicate (smith sooite). 
!Each of these is Bufficientlj abundant to be a source of tlie 

The metal is known in commerce ns " spelter " when in ingots, 
and as sheet zinc when rolled. It is chiefly used in the form of 
alloys with copper, which are known as brasses. It is also UEed 
in the form of a thin film, to protect iron goods from rusting 
— galvanised iron. 

Ores of zinc, more especially blende, are met with in most lead, 
copper, gold, and silver mines, in larger or small quantities 
scattered through the lodes. Thase ores which generally come 
under the notice of the assayer are fairly rich in zinc ; but alloys 
and metallurgical products contain it in very varying proportions- 

Zinc itself is readily soluble in dilute acids ; any residue which 
is left after boiling with dilute hydrochloric or sulphuric aciii 
consists simply of the impurities of the metal ; this is generally 

All zinc compounds are either soluble in, or are decomposed by, 
boiling with acids, the zinc going into solution. Zinc forms only 
one series of salts, and these are colourless. Their chief charac- 
teristic is solubility in an alkahne solution, from which sulphu- 
retted hydrogen produces a white precipitate of zinc sulphide. 
Zinc is detected by dissolving the substance in hydrochloric or 
nitric acid, boiling, and adding sodic hydrate in excess, filtering, 
and adding ammonic sulphide to the filtrate. The precipitate 
contains the zinc, which can be dissolved out by boiling with 
dilute sulphuric acid, and detected by the formation of a white 
precipitate on the addition of potassic ferrocyanide. 

The dry assay of zinc can only be made indirectly, and is nn- 
eabisfactory. Zinc is volatile, and at the temperature of its 
reduction is a gas. It is impracticable to condense the vapour so 
as to weigh the metal, consequently its amount is determined by 
loss. The following method gives approximate results; Take lo 
grams of the dried and powdered ore and roast, first at a low 
temperature and afterwards at a higher one, with the help of 
carbonate of ammonia to decompose the sulphates formed ; coo) 
and weigh. The metals will be present as oxides. Mix with 
2 grams of powdered charcoal and charge into a black-Iead 
crucible heated to whiteness, cover loosely, and leave in the 
fumac-e for about a quarter of an hour. Uncover and calcine the 
residue, cool and weigh. The loss io weight multiplied by 8.oj 
' s the percentage of zinc in the ore. 
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Solation and separation may be effected as folloiva : 
grams of the substance with lo oi' 30 ac. o£ hydrccMoric acid w 
aqiia regia ; evaporate to dryness ; take ap with 10 c.c. of hydn>- 
cbloric acid and dilate to 100 c.c. ; heat nearly to boiling; 
aatnnite with sulphnretted hydrogen ; filter, and wash with water 
afndalitted with hydrochloric acid. Boil o3' the snlpharetted 
hydrogen and peroiidise with a few drops of nitric acid. CorA; 
add caustic 30(^ till nearly, but not quite, neutralised, and separate 
the iron ad basic acetate by the method described under Trim, To 
the filtrate add ammonia till alkaline, and pass aulphnretted 
hydrogen. Allow to settle and decant on to a filter. Dissolve 
off the precipitate from the filter with hot dilate hydrocfaloiie 
acid. The solution will contain the zinc, together with any maa- 
ganexe the ore contained, and, perhaps, traces of nickel andcofadt. 
If the zinc is to be determined Tolametrically, and manganeGe is 
present, this latter is separated with carbonate of ammonia, ts 
described further on ; but if a grarimetric method is used, and 
only small quantities of manganese are present, it i^ better to 
proceed m if it were absent, and to subsequently determine il> 
amount, which should be deducted. ^^M 

GBAVIMETBIC DETEBMINATIOK. ^M 

The solution containing the zinc is contained in an evapora^U 
dish, and freed from solphuretted hydrogen by boiling, and, u 
necessary, from an eaeess of acid by evaporation. The evaporat- 
ing dish must be a large one. Cautiously add sodium carbonate 
to the hot, moderately dOute solution, until the liquid is dis- 
tinctly alkaline, and boil. Allow the precipitate to settle, decant 
on to (i filter, and wash with hot water. Dry, transfer to a 
porcelain crucible (cleaning the paper as much as possible), add 
the aFh, ignite, and weigh. The substance weighed ia oxide of 
zinc, which ountains 80.26 per cent, of the metal. It is a white 
powder, becoming yellow when heated. It must not show an 
alkaline reaction when moistened. If it contains manganese thii 
metal will be present as sesquioxidc (Mn^Oi). Its amount eta 
be determined by dissolving in dilute acid and boOing with an 
excess of sodic hydrate. The oxide of manganese will be pre- 
cipitated, and can be ignited and weighed. Its weight multiplied 
^y 1-035 "nust be deducted from the weight of oxide of itM 
previously obtained. The results yielded by the gravimetrin 
determination are likely to l>e high, since the basic cai-bontd 
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^^RPbia metliod is based on the faota tliat zini: R:ilts in nn acid 
^Htttion decompose potassium feri'ocyanide, forming a white in- 
Golubie zinc compound ; and that an excess of the f errocyanide 
can be detected by the brown coloration it strites with uranium 
acetate. The method resembles in its working the bichromate 
iron, assay. The standard solution of potassium ferrocyanido is 
run into a hot hydrochlorie acid solution of the zinc until a. drop 
of the Litter brought in contact with a drop of the indicator 
(uranium acetate) on a white pJate strikes a brown colour. Tlie 
quantity of zinc in the solution must be approximately known ; 
run in a little less of the ferrocyanide tban is expected will be 
necessary; test a drop or two of the assay, and then run in, one or 
two c.c. at a, time, until tbe brown colour is obtained. Add 5 c.c. 
of a standard zinc solution, equivalent in strength to the standard 
" ferrocyanide," re-titrate, and finish off cautiously. Of course 
5 c.c. must be deducted from the reading on the burette. The 
precipitate of zinc ferrocyanide formed in the assay solution is 
^vhite ; but if traces of iron are present, it becomes bluish. If 
the quantity of ferrocyanide required is known within a few c.c, 
the finishing point is exactly determined in the first titration 
■without any addition of the standard zinc solution. Unfortunately 
this titration serves simply to replace the gravimetric determina- 
tion, and does not, as many volumetric processes do, lessen the 
necessity for a complete separation of any other metala which 
are present. Most metals give precipitates with ferrocyanide of 
potaijsium in acid solutions. If the conditions are held to, the 
titration is a fairly good one, and diflerences in the results of an 
assay will be due to error in the separation. Ferric hydrate 
precipitated in a fairly strong solution of zinc will carry with it 
perceptible quantities of that metal. Similarly, large quantities 
of copper precipitated as sulphide by means of snlpliuretted 
hydrogen will carry zinc with it, except under certain nicely 
drawn conditions! When mxch copper is present it is best 
separated in a nitric acid solution by electrolysis. The titration 
of the zinc takei less time, and, with ordinary working, is more 
trustworthy than the gravimetric method. 

S'/ie standard Jerroci/anide solution is made by dissolving- 43.2 
grams of potassinm ferrocyanide (K^reCyj.sHjO) in water, and 
diluting to a Htre. One hundred c.c. are equal to i gram of 
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pnre dtic in 50 cji- (£ bydfocUone aeid muL 
WBt«r, anil dilatiag to i litre, oir bv iliafioiTiog 44.IJ gcams of 
riwe siilphAte (ZnSO,.7H,0) in waj»r witk 3a c^ of hsiny 
oMerie add. and dQuiiii" to i litre:. One tmndred <u£. «JB 
4MRMII I ^nuD of zinc 

The 'trrntitem <teetate mlutian la made by disBolTing a.z gisHrf 
the aait in 100 '^.c, of wntrar- 

To tifAndaHisB rhe -* teroc^vnide "' measure off 50 ce. <£ ti* 
iftandnni zinc wlntion into n la 'U. beaker, dilute ta loo c.cL,aiii 
heat to aixmt 50' C. (nntCohoiiingj. Rnn in 47 or 48 tc. ufli* 
■' femWTanid© ' solution nnm an. iicdioaiT biireirte, iiad Snisk off 
<;antJoa«l7. Fifty divided by the ijnantity of " ferrocTanidB' 
iwlntion rw^tiired gives the atandnrd. 

ia aswtyiDg orf». Ac, take soch aoantity as shiiH comaia fatal 
o. I to t gram of ziac, separate the zinc as aolpiiiiie. as already 
rliiwi^ti^. Diseolve the sulphide off tlie filter with hot dilate 
hydrochloric acid, which is best duae by a. stream from a wash 
tyittla. Eraporate the filtrate to 3. paste, add 5 c.c. of dilate 
hydrochloric acid, dilute to 100 cc. or 150 c.c„ heat to abont 
50' C, and titrate. M.-wganese, if present, eaonts as so much 
rinc, smd must be specially aepar^ited. since it is not removed by 
the method already givOT. Tix& foUowing method wil! effect its 
removal. To the hydrochloric acid solmiijD of the zinc and jsian- 
guneae add ammonic chloride ;Lnd an exce^ of ajmnonic carbonate; 
allow to Rtand in a warm place, filter off the mnji^unese carbonate, 
and wash with hot water. The filtrate ia acidulated with hydro- 
e.Mfirir. acid and titrated. 

The foUowiDg experiments show the effect of variatioa in tb» 
CfmdittOTis of the axaay : — 

Bffeet of Varying Temperatora.— Tlsinje 20 ce. of the 
Mnridnrd snnc solatioo, 5 c.c. of dilute hydrochloric a<dd, and di- 
Intint; to too c.c. 

TempM^tore . . . 15° C. 30° C. 70" C. 100° C. 
"FBrrocjanWe" required 20.6 c.c. 20.3 cc. 20.3 c.c. 20.30.0 

The Bolation can be heated to boiling before titrating without 
interfering with the result; but it is more convenient to work 
with the Bolution at about 5°° C. Cold solutions must not be 
»wl. 

BfToot of Varying Bulk.— These were all titrated at about 
50" CI, nnd were like the last, but with varying bulk. 

Hulk .... as-o C.C. 50.0 C.C. 100.0 c.c. 200.0 c.e. 
" K(TrroojnnIdo"rBquirecl 20.3 „ 20.4 „ 20.3 „ 204 „ 

Any ordiDary variation in bulk has no effect. 



Effbct of Varying Hydroohlorio Acid. — With 
bulk and varying dilute hydrochloric acid the i-esulta 

Acid added . o.o c,o. i.o c.c. 5.0 c 
"Ferrocyanide" 
required . 24.4 ,, xai „ 30.3 

EflFect of Foreign Salts. ^The eiperimenta were carried 
under the same conditions aa the others. Five grams each of tha 
following salts were added ; — 



Salt added 



( Ammonio Ammonic Sodiam Sodinm 
■ 1 chloride, sulpliate. chloride, aulpliate. 

P^Ferrooyanide" requited 20.3 c.c. 20.50.0. 20.6 o.c. 20.40.0. 
*' Ferrocyanide " required Z0.2 c.c 20.40.0. 20.40.0. 

In a series of esperimenta in which foreign metaJs were present 
to the extent of 0.050 gram in each, TCith 20 c,e. of zinc solution 
and g c.c. of dilute hydrochloric acid, those in which copper 
sulphate, ferrous sulphate, and ferric chloride were used, gave (as 
might be expected) so strongly coloured precipitates that tha end 
reaction could not be recoguised. The other results w 



fWith nothing ad(Ied 
„ 0.050 gmm lead (as chloride) . 
„ 0050 „ manganese (as sulphate) 
„ 0.050 „ cadminm [as sulphate) . 
„ 0,050 „ nickel (as sulphate) 

Effect of Varying Zinc. — These 
usual conditions, and gave the following results; 

Zinc added , i.o o,c. lo.o c.c. 
" Ferrocyanide " 
required . I-I „ 10,3 „ 

Determination of Zinc in a Sample of Brass. — Take the 
solution from which the copper has been separated by electroljrsia 
and pass sulphuretted hydrogen until the remaining traces of 
copper and the lead are precipitated, filter, boil the solution free 
from sulphuretted hydrogen, put in a piece of litmus paper, and 
add sodie hydrate solution in slight excess ; add 10 c.c. of dilute 
hydrochloric acid (which should render the solution acid and 
clear) ; warm, and titrate. 

A sample of 0.5 gram of brass treated in this manner required 
16.4 c.c. of "ferrocyanide" (standard 100 c.c. = 0.9909 zinc), 
hjch equals 0.1625 gram of zinc or 32.5 per cent. 
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Determination of Zino in Blende. — Dissolve i gram of ti» 
dried and powdereiJ sample in 25 c.c. of nitric acid witk the tielf 
of two or three grams of potassium chlorate dissolved in the acid, 
E\-aporate to complete drj-ness, taking care to avoid spirting. 
Add 7 grams of powdered lunmoninm chloride, 15 c.c. of strong 
ammonia and 25 c.c. of boiling water ; boil for one minute and 
Bee that tbe residue is all softened. Filter through a small filtei, 
and wash thoroughly with small quantities of a hot one per cent, 
solution of ammooium chloride. Add 35 c.c. of hydrochloric add 
to the filtrate. Place in the solution some clean lead foil, say 10 
or 20 square inches. Boil gently until the solution has been 
colourless for three or four minutes. Filter, wash with a littb 
hot water ; and titrate with standard ferrocyanide. 



Determination of Zino in Silver Precipitate. — This pre- 
cipitate contains lead sulphate, silver, copper, iron, zinc, hme, ia 
Weigh up s graniB of the sanaple, and extract with 30 c.c. of dilala 
sulphuric acid with the aid of heat. Separate the copper with sul- 
phuretted hydrogen, perosidise the iron with a drop or two of 
nitric acid, and separate as acetate. Render the filtrate ammo- 
niacal, pass sulphuretted hydrogen ; wann, and filter. Dissolvs 
the precipitated zinc sulphide in dilute hydrochloric acid, evapo- 
rate, dilute, and titrate. Silver precipitates carry about z.5 per 
cent, of zinc, 

GASOMETHIC METHOD. 

Metallic zincis readily soluble in dilute hydrochloric or sulphorie 
acid, hydrogen being at the same time evolved.* The volume of 
the hydrogen evolved ia obviously a measure of the amount of 
zinc present in the metallic state. The speed with which tbe 
reaction goes on (even in the cold) and the insolubility of 
hydrogen renders this method of assay a convenient one. It is 
especially applicable to the determination of the proportion of 
zinc in zinc dust. The apparatus described in the chapter on 
gasometric method is used. The method of working is as follows 1 
Fill the two burettes with cold water to a little above the zero 
mark, place in the bottle about 0.25 gram of the substance to ba 
determined, and in the inner phial or test tube 5 c.c, of dilute 
sulphuric acid ; cork tbe apparatus tightly and allow to stand for 
a few minutes; then bring the water to the same level in the two 
burette.*! by running out through the clip at the bottom. Bead 
off the level of tbe liquid in the graduated burette. Turn the 
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bottle over sufficiently to spill the acid over the zinc, and then 
run water out of the apparatus so as to keep the liquid in the 
two burettes at the same level, taking care not to run it out more 
quickly than the hydrogen is being generated. When the volume 
of gas ceases to increase, read off the level of the liquid, deduct 
the reading which was started with; the difference gives the 
volume of hydrogen evolved. At the same time read off the 
volume of air in the "volume corrector," which must be £zed 
alongside the gas burettes. Make the correction. For example : 
A piece of zinc weighing 0.2835 gram was found to give 99.9 c.c. 
of gas at a time when the corrector read 104 cc* Then the 
corrected volume is 

104 : 100 1:99.9 : X. 
X = 96.0 c.c. 
100 c.c. of hydrogen at o* C. and 760 mm. is equivalent to 0.2912 
gram of zinc; therefore the quantity of zinc found is 

100 : 96:: 0.2912 : X. 
05 = 0.2795 gram of zinc. 
This being contained in 0.2835 g^^^ni of metal is equivalent to 
98.5 per cent. 

As an example of a determination in which reducing the 
volume of liberated hydrogen to 0° C. and 760 mm. is avoided, 
the following may be taken : — 

0.2315 gram of pure zinc gave 82.1 c.c. of gas; 
and the volume of air in the corrector was 103.6 c.c. 

0.2835 grana of the assay gave 99.9 c.c. of gas ; 
and the volume of air in the corrector was 104.0 c.c. ; 

104 : 103.6 :: 99.9 : x. 
a? = 99.5 C.C. 
This is the volume of gas got in the assay if measured under 
the same conditions as the standard, 

82.1 : 99.5 1:0.2315 : 05. 
05 = 0.2806. 
Then 0.2835 : 0.2806 :: 100 : 05. 
05 = 98.9 per cent. 
As these assays can be made quickly, it is well for the sake of 
greater accuracy to make them in duplicate, and to take the mean 
of the readings. One set of standardisings will do for any 
number of assays. The student must carefully avoid unnecessary 
handling of the bottle in which the zinc is dissolved. 

Colorimetrio Method. — ^Zinc salts being colourless, there is 
no colorimetrio determination. 

* These 104 cc. are equivalent to 100 c.c. of dry air at o C. and 760 mm. 
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A.L ZINC, y^ 



Take 20 grams of zinc, and dissolve them in dilute nitric acid; 
boil, allow to Kettle; filter; wash, dry; ignite the precipitate, 
if any, and weigh as oxide of tin. Examine this for arsenic. 

Iiead, — Add ammonia and carbonate of ammonia to the liquid, 
«nd boil, filter ofifthe precipitate, wash with hot water. Digest 
the precipitate with dilute sulphuric acid; filter, wash, and weigh 
the sulphate of lead. 

Iron. — To the filtrate from the sulphate of lead add ammonia, 
and pass sulphuretted hydrogen ; digest, and filter. (Save ths 
filtrate.} Dissolve the precipitate in hydrochloric acid, oxidife 
with nitric acid, and precipitat« with ammonia. Wash, ignite, 
and weigh as ferric oxide. Calculate to iron. 

Arsenic. — To the filtrate from the sulphide of iron add hydro- 
chloiic acid in slight excess ; filter off, and wash the precipitate. 
Rinse it back into the beaker, dissolve in nitric acid, filter from 
the sulphur, and add ammonia, in cKceas, and magnesia misture, 
Filter off the amraonic-magnesic arsenate, and wash with dilute 
ammonia. Dry, ignite with nitric acid, and weigh as magnesia 
pyrarsenate. Calculate to arsenic, and add to that found with 

Copper. — To the filtmte from the ammonia and ammonic 
carbonate add sulphuric acid in small excess, and pass sulphuretted 
hydrogen. Allow to settle, filter, and wash. Rinse the precipi- 
tate into a beaker, boil with dilute sulphuric acid, and filter. (Save 
the filtrate.) Dry, bum the paper with the precipitate, treat 
with a drop or two of nitric acid, ignite, and weigh as copper 
oxide. Calculate to copper, 

Oadmiam.- — To the filtrate from the sulphide of copper M 
ammonia, so as to nearly neutralise the excess of acid, and pass 
sulphuretted hydrogen. Collect and weigh the precipitate a» 
cadmium sulphide, as described under Cadmium. 

PRACTICAL EXERCISES. 

1. What weight of hjdrogon will be evolved in disaolvitig i gram of tnW 

in dilute sulphurio acid ? 

2. How many c.c. wonld this qnantity of hydrogen measnre at 0° G. uul 

760 m.m. 1 (1 litre weighs 0.0896 gram). 

3. 0.23 gram of zinc are found to give 77.9 c.o. of hydrogen. In 

another experiment nnder the same conditiona 80.2 c.c. are got 
What weight of zinc was used for the second esperiment J 



4. A Bjunpie of blende is foood to oontaio SS pe'' '^'^*- "f '^"^o- What 

porcentagB of zino sulphide did tbe sai 

5, lluw mnch iiietaUic lead would be precipitated f 

Isad acetate bj i grain of ziac I 

k CADMIUM. 

.idmmm occurs ia nature as cadmium sulphide 
OdS, which ia very rare. It is widely diffused in ct, 
and other zinc ores, forming, in some ciises, as much as z or 3 
per cent, of the ore. Oxide of cadmium forms the " brown 
blaze " of the zinc smelters. 

Sulphide of cadmium is used as a pigment (cadmium yellow) ; 
and the metal and some of its salts are useful reagents. 

The salts of cadmium closely resemble those of zinc. The 
hydrate, however, is inaolubla in excess of potash, and the 
eulphide is insoluble in dilute acids. It forma only one series of 

Cadmium ia detected by giving with sulphuretted hydrogen in 
solutions, not too strongly acid, a yellow pretipitiite, which is 
insoluble in solutions of the alkalies, alkaline sulphides, or cyanide 
of potassium. 

Solution and Separation. — Substances containing cadmium 
are aoluble in acids. The solution is evaporated to dryness (to 
render any silica that may be present insoluble) and taken up 
■with 10 c.c. of dilute hydrochloric acid. DUut* to 100 c.c, and 
pass sulphuretted hydrogen. Filter, digest the precipitate with 
Boda, wash, and boil with dilute sulphuric acid. Filter; the 
filtrate contains the cadmium and, possibly, a small quantity of 
zinc, from which it ia best aeparated by reprecipitating with 
eulphuretted hydrogen. 



GBAVIMETRIC DETEHMIlfATIOlf. 

The solution containing the cadmium freed from the other metals- 
Is precipitated with sulphuretted hydrogen in a moderately-acid 
Solution. The precipitate is collected on a weighed filter, and 
^Vashed, first with an acid solution of sulphuretted hydrogen, ajid 
afterwards with water. It is dried a.t ioo° C. and weighed. If 
free sulphur is suspected to he present, extract with bisulphide of 
Carbon, and again weigh. The residue ia cadmium sulphide,. 
■Xvhich contains 77.78 per cent, of cadmium. It ia a yellow 
Jiowder insoluble in solutions of the alkalies, alkaline sulphides, or 
cyanide of potassium. It dissolves readily in acid. It cannot be 
ignited in a current of hydrogen without loss. 
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Examination of Tin SlagB. — In tin smelting works the term 
■■slag" is ttjiplied to the unfiised portion of the charge. It is 
made up of unburnt iinthracite and small lumps of slag propor 
together with some buttons of metallic tin. This is rarely, if 
ever, assayed. The slag proper (or, as it is generally callod, 
"glass") is a, silicate of iron, alumina, and lime, containing fi'oni 
3 to 7 per cent, of tin. It is thus examined ;— The sample after 
bruising on an iron plate, is reduced to a very fine powder l)j 
grinding in an agate mortar. In this state it is in most cases 
readily decomposed by hydrochloric acid. 

Determination of Tin.— Where the percentage of tin only 
is required, take 2 grams of the powdered slag and well ni'» witii 
it 20 c.c. of hydrochloric acid, and heat to boiling. Add i e.e. of 
nitric acid, allow to stand for fifteen minutes, dilute with watei:, 
and filter. Pass a rapid current of sulphuretted hydrogen fM 
some time. Allow to settle, and filter. The precipitate, after 
washing with hot water, ia dried, and gently calcined until the 
greater part of the sulphur is burnt off. It is then strongly 
ignited in the muffle (or over the blowpipe) with the addition <rf 
a small lump of ammonic carbonate. The residue is weighed as 
stannic oxide (SnO,) ; and is calculated to metallic tin by multi- 
plying by 0.787. The percentage on the s!ag is calculated in the 
usual way. 

The tin is always best determined in the examination of slags 
by a separate assay carried out in this way. The determiuatioo 
of the other constituents is thus made : — 

Silica,— Take 2 grams of the powdered slag and cover them, 
in a small evaporating disli, with 20 c.c. of hydrochloric acid ; mix 
well by stirring with a glass rod ; and evaporate to dryness. If 
(as is generaUy the case) tungsten is present the solution will be 
blue. Take up with 20 c.c. of hydrochloric acid. Add i c.c. of 
nitric acid ; and reduce by boiling to about half the bulk. Add 
about 2o c.c, of water, boil, and filter. Wash the residue with 
hot dilute hydrochloric acid. It (lonsists of silica with the tungstic 
acid. Wash it hack into the dish; and digest with 5 or ro c.c. of 
a cold solution of ammonic carbonate. Filter; and collect the 
filtrate and washings in a weighed porcelain dish. Dry the 
residue, ignite strongly, and weigh as silica, SiO,. In certain 
exceptional cases this may contain some unaltered cassiterite, 
which is easily recognised by its appearance. 

Tungsten.- — The ammonic carbonate filtrate from the silica is 
evaporated to dryness, ignited strongly over the blowpipe, and 
weighed. The residue is tungstie acid, WOj. The tungsten may 
be conveniently reported in this form, although it ia probabhr 
■"■""""*■ "" a lower oxide. '••^ 



Tin. — The acid filtrate from the silioi ajid taugstic add i' 
treated with Gnlpharetted hydrogen. The sidphide of tiu is 
filtered oS. Since the percentage of tin has been already deter- 
mined, this precipitate may be neglected ; or may be treated in 
the same way as the prerious one, so as to check the result. 
Since some stannic chloride ivill have been lost in the evaporation, 
a low result may be expected. The tin should be reported as 
stannous oxide ; and is calculated by multiplying the parcenta^ 
of tin by 1. 136. 

The filtrate from the tin is boiled rapidly down to remore snl- 
phnretted hydrogen; and then percxidised with i or a c.c. of 
nitric acid. It is cooled, transferred to a graduated flask, and 
diluted with water to 200 c.c. 

Ferrous Oxide and Altimina.— H al f the filtrat« from the 
tin {that is, 100 c.c.) is takeu, nearly neutralised with sodn, and 
treated with sodium acetate. The basic acetate precipitate ob- 
tained on boiling is filtered ofi' and washed. Eesen-e the filtrate- 
Tbe precipitate is dissolved off the filter with hot dilute hydro- 
chloric acid ; and the sohition thus formed is trented with a slight 
excess of ammonia, and boiled. The precipitate is filtered ofl^, 
washed with hot water, dried, ignited, and weighed as mixed< 
ferric oxide nnd alumina. The ignited precipitate is then dis- 
solved with sulphuric and hydrochloric acids; and the iron deter- 
mined in the solution by titration with the solution of stannous 
chloride. The iron found is calculated to and repori«d as ferrous 
oxide, FeO (factor= 1.286). To find the alumina, which is best 
estimated by difierence, multiply the iron by 1.428 to get the 
weight of ferric oxide, and deduct this from the weight of alumina 
and ferric oxide found. This, of course, gives the alumina. A 
direct determination may be made by removing the tin from the- 
titrated solution with sulphuretted hydrogen, filtering, nearly 
neutralising with ammonia, and boiliiig with a few grams of 
hyposulphite of aoda. The precipitate, filtered, wadied, andl 
ignited, is the alumina, which is weighed. The direct determina- 
tion gives a slightly low result. 

Oxides of Zinc and Manganese. — These are determined in 
the filtrate from the basic acetate precipitate by rendering alkaline 
with ammonia, and passing a current of sulphuretted hydrogen. 
Generally a small, bnt decided, precipitate of alumina comes down, 
together with sulphides of any zinc or manganese which is present. 
The precipitate is allowed to settle, dried ignited, and weighed. 
The metals are separately determined in it; and the residue is 
counted as alumina, and added to that already found. The mixed 
preci|iitate amounts to from i to 2 per cent, of the sample. 
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Qopper *ai iron pyntea ore eoavierted into oxides by roasting, an 
tn m (pw»t pwC cemovai hy- a aabseqaent waghing. The concen 
tinted prodnet ia known as " black on," and in this condition i. 
9oU to Cha anelter. The chief foreign nutters in the black tii 
ara ailic^ osades of iron, and copper, and wolfram, with traces c 

le as much aa 6 nr 7 pra cenC. of titaniferous iron. The blaci 
tin from the mines coiitaiiia from 5 to 12 per cent, of water, am 
[s ao!d and aasnyed wet. A setiea of typical aamplee of bkck tin 

ranged aa follows : — 
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Titaniferona atream ors 
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Ore from atieanx workj 
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It will be seen from these figures that block tin ia a toj 
rariable substance ; and that the specific gravity is largely in- 
fluenced by the impurities ; hence, it is only an indication rf the 
percentage of metal when the same kind of ore is dealt with. 

As already pointed out, the object of Tanning is to determine 
the proportion of black tin in the lode stuff. The relation 
letween the actual content in oxide of tin and the produce got 
by vannbg has been tested on sereral occasions with rosult* 
which show a fair degree of approsimation. 

The following are some published results of assays of the sanw 
batch of ore. The vanning results were obtained by a ComiBh 
vanner of recognised ability, and the wet asays by two Londos 
firms of the highest standing :~ 
Vanning results : 

(Average) gilbs. of " black tin." 
Wet Assay results : 

A 83.7lbs. of stannic ixata 
B 79-7ib&. 

Tfca Tanner reported his black tin as containing 70 percent rf 
tin. Th" will bring his result, if calculated as stannic ctdde, to 
ia^ Vba. to the too ; which agrees with the otli«r& 
^AccardiBK to oar csperieoce the " van " assav agrees UrI; 
■laAh tie "wet " erne, if the black tin b ksubmI toemlua 
■br^nt o£ stannic oxide (SuOJ. 
^Euan^ as a role. BkOfnl wa, uA Avm n»(bllt 
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apparfttaa, whicli consists simply of a shove! and a kieve of 
water. An account of the process is given below. But different 
vanners, oil good men, will get different results working 
material new to them. The black tin weighed by the vnnner is 
supposed to correspond in quality -with the black tin returned 
from the floors of the mine for which he is assaying, but this 
differs materially in different mines with the nature of the gangue. 
The process leaves too much to the judgment of the vanner. It 
is more than probable that in practice the returns from the 
dressing- floors check the nssayer, instead of, asshould properly bo 
the case, the assayer checking the returns. It is only when this 
last is done that any control is had o^'er the svRtem of dressing. 
A correct assay of this ore is a matter of some importance, 
because of the high price of the metal. 

The method of assaying the black tin is a dry one, and conaiHta 
of mixing it with " culm," and submitting it in a black-lead 
crucible to the highest temperature of a wind furnace. The 
sample is taken wet aa it arrives at the smelting house, and is 
assayed direct. The product of the assay is examined, and a 
deduction of a considerable percentage is veiy properly made for 
impurities, since the assay really determines the percentage, not 
merely of tin, but of the bodies present which are reducible at a. 
white heat. The judgment as to how much is to be deducted ifl 
assisted partly by an examination of the metal got T, :mi the assay, 
and partly by the experience acquired in smelting similar ores. 
The produce, which is that of the iuipure tin, is stated in parts 
in twenty; thus a produce of 14 is equivalent to 70 per cent., or 
to 14 cwt. per ton, 

MECHANICAL SEP AEATION.— VANNING. 

This process, which has already been referred to, is carried oat 
aa follows : — After sampling the ore in the ordinary way, a quan- 
tity (varying with its richness) is weighed out. Special weights 
are generally used. The standard weight, marked 200, weighs 
about an ounce; with poor ores this quantity is taken for an 
assay, but with richer ores 100 or even 50 is sufficient. The unit 
of weight has no special name, but the parts in 200 are spoken of 
as the produce ; thus, if aoo of ore were taken and 9.5 of blaok 
tin were separated, the produce would be 9^ : obviously half the 
" produce " will give the percentage. The weighed portion of the 
ore is placed on the vanning shovel. The vanner stands in front 
of a tub of water (kieve) and allows 30 or 40 c.c. of water to flow 
on to the ore. He then raises the shovel a little above the 
•urface of t}ie water, and, holding it nearly horizontal, briskly 
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r the furnace, 
whicli OD the mine 
shovel into a scoop, 
is calcined until free irom s 
samples before c 
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Totates the water by imparting to the shovel a slight circular 
motion, passing into an elliptical one (front to bock). This causes 
the finer mud to be suspended in the liquid, which is then run o$ 
leaving the body of the oi-e in the centre of the shovel. This is 
repeated until the water after standing a moment is fairly clear. 
About half os much water as before is brought on ; then, with a 
motion which is similar to the previous one, but with a jerk added 
in one direction, the heavier minerals are thrown up, aed the 
etonymatter brought bnck. The jerk is produced just as thewave 
of water is returning. The descending wave of water draws with 
it the bulkier and hghter particles of the ore, whilst the heavier 
matter lying oa the bottom is scarcely affected by it. The jerky 
motion, however, carries it to the front of the shovel. The lighter 
stuff is washed off, and the residue dried by holding the shovel 
It now corresponds, more or less, to the stuff 
is sent to the calciner. It is swept from tha 
and transferred to a hot crucible ; in which it 
Iphur. Some vannera calcine their 
D van. The calcined ore is shaken 
out of the crucible on to 
the shovel ; rubbed up with 
a hammer ; and washed (as 
at first) to get rid of the 
finer and lighter " waste." 
The separating motions are 
again gone through ; and 
the "bead" of the best of 
the black tin is thrown well 
up on one side of the shovel 
in the form of a crescent, 
so as to leave room on the 
shovel to work with the 
" tailings." The fjuantily 
of wntcr used is kept low, to prevent this " crop " tin froni being 
washed back again. The tailings are then crushed to free the 
tin from adherent oxide of iron ; and again washed to throw up 
the remaining tin ore. As this tin is finely divided, it is more 
difficult to bring it up, so that a vigorous and rapid motion is 
required. The tailings are now washed off, and the whole of the 
black tin is brought into the centre of the shovel. It requires 
two or three washings moi-e to free it from the waste it contains. 
Very small quantities of water are used. The purity of the black 
tin can be seen by its appearance on the shovel. The cleaned 
ore is dried as before, freed from particles of iron with the aid of 
a magnet, and weighed. The weighings are carried to Jth of ths 
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unit used. The following example illustrates the method of cal- 
culation adopted on the mine. A parcel of i ton 2 cwt. 3 qrs. of 
tin ore with a produce of 45 (equal to 22J per cent.) contains 
5 cwt. o qrs. 12 lbs. of black tin. This result is obtained as 
f oUows : — 

ton cwt. qrs. 
9 



equivalent to multiplying by 45. 

strike ofF the first figure to the right, 
multiply by 4 to reduce to quarters. 



10 


4 


3 
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51 


3 
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12 
3 




4 


IS 




28 







multiply by 28 to reduce to pounds... 



112 
15 

12.7 



strike off the first figure to the right. 



Similarly, a parcel of 20 tons 10 cwt. with a produce of 9^ con- 
tains 19 cwt. I qr. 25 lbs. of black tin. For the following infor- 
mation, as well as for much of that already given about vanning, 
we are indebted to Captain Keynolds, of Cook's Kitchen Mine. 
" To have a complete set of tools for all vanning purposes, it will ' 
be necessary to get the following: — A vanning shovel 14 inchea^- 
long and 13 inches wide, weighing not over 2J pounds. It is- 
made of hammered sheet iron of the shape shown in fig, 57. It^ 
must have a light wooden handle (preferably of deal) 3 feet long.. 
A bruising hammer, weighing 2^ pounds, with a handle i foot' 
long. A pair of tongs (furnace) 2 J feet long, made of |-inch 
round iron. And a set of ordinary clay crucibles for calcining. 
There ought to be two sets of scales and weights : the first should 
be confined to weighing the powdered tin stuff, and the second 
ought to be a much higher class one, for weighing the black tin 
obtained. The furnace for roasting the sample should be i o inches 
square and 12 inches deep, with the fire-bars at the bottom three- 
quarters of an inch apart. The water-box for vanning in should 
be at least 4 feet long, 2 feet 6 inches wide, and 8 inches deep.'' 
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EXAMINATION OF COMMEBCIAIi ZINC. 



Take 20 grams of zinc, and dissolre them in dUute nitric acid; 
boil, allow to settle ; filter ; wash, dry ; ignite the precipitate, 
if any, and weigh as oxide of tin. Examine this for arsenic. 

Ijead, — Add ammonia and ciirbonate of ammonia to the liquid, 
and boil, filter off the precipitate, wash with hot water. Digest 
the precipitate with dilute sulphuric acid ; filter, wash, and weigh 
the sulphate of lead. 

Iron. — To the filtrate from the sulphate of lead add ammonia, 
and pass sulphuretted hydrogen ; digest, and filter. (Save the 
filtmte.) Dissolve the precipitate in hydrochloric aoid, oxidise 
with nitric acid, and precipitate with ammonia. Wash, ignite, 
and weigh as ferric oxide. Calculate to iron, 

Arsemo. — To the filtrate from the sulphide of iron add hydro- 
chloric acid in slight excess ; filter off, and wash the precipitate. 
Rinse it back into the beaker, dissolve in nitric acid, filter from 
the sulphur, and add ammonia, in excess, and magnesia mixture. 
Filter off the ammonic-magnesic arsenate, and wash with dilute 

Dry, ignite with nitric acid, and weigh 
pyrarsenate. Cnlculato to arsenic, and add to that found 
the tin. 

Copper. — To the filtrate from the ammonia a 
carbonate add sulphuric acidin small excess, and pass sulphuretted 
hydrogen. Allow to settle, filter, and wash. Rinse the precipi- 
tateinto a beaker, boil with dilute sulphuric acid, and filter, (Save 
the filtrate.) Dry, burn the paper with the precipitate, treat 
with a drop or two of nitric acid, ignite, and weigh as copper 
oxide. Calculate to copper. 

Cadmium. — To the filtrate from the sulphide of copper add 
ammonia, so as to nearlj' neutralise the excess of acid, and pass 
sulphuretted hydrogen. Collect and weigh the precipitate 
cadmium sulphide, as described under Cadmium,. 



rRACTICAL EXERCISES. 

I. What weight of hydrogen will be CToIved in dissolving rgram of zi 

in dilute snlphorio acid ? 
3. How manj 0.0. wonid this qnaotity of hydrogen measure at 0° 0. bj 

760 m.m. 1 (I litre weighs D.0S96 gram). 
3. 0.23 gram of zinc ara found to give 77.9 c.o. of hydrogen. 

another eiperimeat under the same cooditiona 80.2 c.o. ore e 

What weight of zinc was n^ied toi the second experinacDt I 
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4- A sample of blende Is found to contain 55 per cent, of z 
percentage ot zinc aulphide did the sample coutain ? 

5. 1h>w much metallic lead would be precipitated from a 
leiid acetate by t gram of zinc ? 



R CADMIUM. 

ndraiam occurs in nature as cadmium sulphide in greenoekita, 
Od8, which is very rare. It is widely diffused in calamine, blende, 
and other zinc ores, forming, in some casea, as much as 2 or 3 
per cent, of the ore. Oxide of cadmium forms the " brown 
blaze " of the zinc smelters. 

Sulphide of cadmium is used as n. pigment (cadmium yellow) ; 
ftnd the metal and some of its salts are useful reagents. 

The salts of cadmium closely resemble those of zinc. The 
hydmte, howeper, is insoluble in excess of potash, and the 
Bulpliide is insoluble in dilute acids. It forms only one series of 

Cadmium is detected by giving with sulphuretted hydrogen in 
solutions, not loo strongly acid, a yellow precipitate, which is 
insoluble in solutions of the alkalies, alkaline sulphides, av cyanide 
of potassium. 

Solution and Separation.— Substances containing cadmium 
are soluble in actda. Tbe solution is evaporated to dryness (to 
render any silica that may be present insoluble) and taken up 
with 10 c.c. of dilute hydrochloric acid. Dilute to 100 c.c, and 
pass sulphuretted hydrogen. Filter, digest the precipitate with 
Boda, wash, and boil with dilute sulphuric acid. Filter; the 
filtrate contains the cadmium and, possibly, a small quantity of 
line, from whicb it is best separated by reprecipitating with 
sulphuretted hydrogen. 

GBAVIMETEIC DETEHMIWATIOH". 

The solution containing the cadmium freed from the other metals- 
ie precipitated with sulphuretted hydi-ogen in a moderately-acid 
solution. The precipitate is collected on a weighed filter, and 
washed, first with an acid solution of sulphuretted hydrogen, and 
afterwards with water. It is dried at 100° 0. and weighed. If 
free sulphur is suspected to be present, extract with bisulphide of 
carbon, and again weigh. The residue is cadmium sulphide, 
which contains 77.78 per cent, of cadmium. It is a yellow 
powder insoluble in solutions of the alkalies, alkaline sulphides, of 
cyanide of potassium. It dissolves readily in acid. It cannot be 
ignited in a current of hydrogen without loss. 
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VOLUMETBIC METHOD. 

The solution containing the cadmium is concentrated by evapora- 
tion, and mixed with an excess of oxalic acid and alcohol. The 
precipitate is filtered, washed with alcohol, dissolved in hot 
hydrochloric acid, and titrated with permanganate of potassium. 



CHAPTER XII. 
TIN— TTJN QBTBN— TITANIUM. 

TIN. 

Tnr occurs in nature ae cassiterite (contftining from 90 to 95 per 
cent, of oxide of tin), which mineral is the source from which the 
whole of the tin of commerce ia derived. Tin also occurs as 
sulphide combined with sulphides of copper and iron in the 
mineral Etaniiine or bell-metal ore. It is a constituent of certain 
rare minerals, such as tantahte. 

The methods of assaying tin in actual use are remarkable when 
compared with those of other metals. Tbe more strictly chemical 
methods are rendered troublesome by the oxide being insoluble 
in acids, resembling in this respect the gangue with which it is 
associated. Moreover, it is not reiuiily decomposed by fusion 
with alkalies. The oxide has first to be reduced to metal before 
the tin can be dissolved. The reduction may be performed by 
fusing with potassic cyanide, by heating to moderate redness in a 
current of hydrogen or coal gas, or by heating to a higher tem- 
perature with carbon. The reduced metal is only slowly dissolved 
by hydrochloric acid, and although it is readily soluble in aqua 
regia, the solutian cannot be evaporated or freed from the excess 
<rf acids, by boiling, without loss of tin, because of the volatility 
of stannic chloride. There has long been a difficulty in getting 
a quick wet method. 

The process of assaying tin ores adopted in the mines of Corn- 
wall ia a mechanical one known as " vanning," the ohject of which 
is to find the percentage of " black tin," which, it is well to re- 
member, is not pure cassiterite, much less pure oxide of tin. Tin 
ore, as taken from the lode, contains from 2 to 5 per cent, of 
cassiterite, and is mainly made up of quartz, felspar, chlorite, 
schorl, and other stony minerals, together with more or leas 
mispickel, iron and copper pyrites, oxide of iron, and wolfram. 
The cassiterite has a specific gravity (6.4 to 7.1) considerably 
higher than that of the vein-stuff (2.5 to 3.0), and is concentrated 
by a series of washings till it is free from the lighter material. 
Those minerals which have a specific gravity approaching tha'o 
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the oassitcrite ai-e not completely removed. The mispiokel and 
copper and iron pyrites are converted into oxides by roasting, and 
are in ^eat part removed by a subsequent washing. The concen- 
trated product is known as " black tin," and in this condition is 
sold to the Smelter. The chief foreign matters in the black tin 
are silica, oxides of iron and copper, and wolfram, with traces of 
manganese and niobic acid ; and in certain stream ores there may 
be as much as 6 or 7 per cent, of titaniferous iron. The black 
tin from the mines contains from 5 to iz per cent. o£ water, and 
ia sold and assayed wet. A series of typical samples of black tia 
ranged as follows r— 



Bon™ of Material. 


""to'DfjOre."' 


Specifle GtaTilj, 


Good mine ore . 

Inferior do 

Titaniferons Btreain ori! 
Mine ore with wolfiaiu 
Ore from stream works 


72.0 


m 

5.99 



It will be seen from these figures that black tin ia a vary 
variable substance; and that the specific gravity is largely ior 
fluenced by the impurities; benoe, it is only an indication of the 
percentage of metal when the same kind of ore is dealt with. 

As already pointed out, the object of vanning is to determiae 
the proportion of black tin in the lode stuif. The relation 
between the actual content in oxide of tin and the produce got 
by vanning has been tested on several occasions with results 
which show a fail- degree of approximation. 

The following are some published results of assays of the saniB 

batch of ore. The vanning results were obtained by a Cornish 

vanner of recognised ability, and the wet assays by two London 

firms of the highest standing : — 

Vanning results : 

(Average) 9ilbs. of " black tin.' 
Wet Assay results : 

A 83.7lbs. of stannic oxit 

B J9.jlb.. 

The vanner reported his black tin as containing 70 peri 
tin. This will bring his result, if calculated as stannic oxide, to 
80.9 lbs. to the ton ; which agrees with the others. 

According to our experience the " van " assay agrees fwrly 
well with the " wet " one, if the black tin ia assumed to contain 
92.5 per cent, of stannic oxide (SnO,). 

Vanners are, as a rule, skilful men, and show remarkable 
dexterity in separating the black tin, with the help of their 



ercen^t 



apparatus, wLicli consists simply of a shovel and a tieve of 
water. An account of the process is given below. But different 
Tanners, all good men, will get different results workin;; on 
material new to them. The black tin weighed by the vanner is 
supposed to correspond in quality with the black tin returned 
from the floors of the mine for which he is assaying, hat this 
differs materially in different mines with the nature of the gangue. 
The process leaves too much to the judgment of the vanner. It 
is more than probable that in practice the returns from the 
dressing- floors check the assayer, instead of, as should properly be 
the case, the assayer checking the returns. It is only when this 
last is done that any control is Lad over the system of dressing. 
A correct assay of this ore is a matter of some importance, 
because of the high price of the metal. 

The method of assaying the black tin ia a, dry one, and consists 
of mixing it with "culm," and snbmifcting it in a black-lead 
crucible to the highest temperature of a wind furnace. The 
sample is taken wet as it arrives at the smelting house, and is 
assayed direct. The product of the assay is examined, and a 
deduction of a consideiahle percentage is veiy properly made for 
impurities, since the assay really determines the percentage, not 
merely of tin, hut of the bodies present which are reducible at a 
Trhite heat. The judgment as to how much is to be deducted is 
assisted partly by an examination of the metal got f, um the assay, 
and partly by the experience acquired in smelting similar ores. 
The produce, which is that of the impure tin, is stated in parts 
in twenty ; thus a produce of 14 is equivalent to 70 per cent,, or 
to 14 cwt. per ton. 

MECHANICAL SEPAHAT I OH". —VANNING-. 

This process, which has already been referred to, is carried out 
as follows :^ After sampling the ore in the ordinary way, a, quan- 
tity (varying with its richness) is weighed out. Special weights 
are generally used. The standard weight, marked 200, weighs 
about an ounce; with poor ores this quantity is taken for an 
assay, but with richer ores 100 or even 50 is sufficient. The unit 
of weight has no special name, but the parts in 20a are spoken of 
as the produce ; thus, if soo of ore were taken and 9.5 of black 
tin were separated, the produce would be 9^ : obviously half the 
" produce " wiU give the percentage. The weighed portion of the 
ore is placed ou the vanning shoveL The vanner stands in front 
of a. tub of water (kieve) and allows 30 or 40 c.c, of water to flow 
on to the ore. He then raises the shovel a little above th& 
surface of tjie water, and, holding it nearly horizontal, briskly 
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GRAVIMETHIC DETEEMINATIOH". 



Ditwolve tlie precipitate in hydrochloric acid, and boil ; add a 
•(light exceHR <if carbonate of soda, waim, and filler. Wnsh with 
hot wiitBr, dry, carefully i^'nite in an oppn Berlin crucible, and 
weigh. The uubatance is the brown oxide (Mn,0,), and contains 
73,0^ per cent, of manganese. If the percentage of dioxide is 
i^H|mi-ed il may be calculated by multiplying the percentage of 
niiiuganese by 1.582. It must bo borne in mind that the man- 
ganese should Bolder be calculated to dioxide except when it is 
known to exist in the ore only in that form. 



VOLUMETRIC METHODS. 

Tim two incthnils arc luu^cd on the osidi^ing ellect of mangansB 
dioxiilo ; luid if the metal does not already exist in this f 
it. will require a preliminary treatment to convert it. 
following mvthod due to Mr. J. Pattinson • efiVcta this; 

aanntity of the ore containing not more than. .25 graias li 
10 metal (Mu), is dissolved in hydrochloric acid in » ptot beaten 
)vnd, i! necessary, 3 or 4 c.c. of nitric acid are added to 
tlic iron, and ferric chloride is added if required, so i 
inaj- be at lewst as much iron as mangane^. CakaDm t 
Kdd«d till the solution is slightly r«d ; and next the 
tvmovot) by the cautions addition of acid ; 30 c.c. of m 
mdulJon (containing 15 grams of sine per litre) aie 
Uqtiid is brought to boil and dfluled to about 30a cc. w 
mtttr ; 60 e,c ot a solution of bleaching powder {33 gn 
litre «ih1 filtend),i«id««dsligl)Uy greenish by acid, aii 
in *ad «t« folknivd by 3 grains of caldnm earimiat« 
in ij cc of bojling <im«-. During cfkmsetatee the fan^B 
cnvtnd, tli* pncwtate is stimd, ud z cc of mMfcrlated '" 
*«« nixed iiL xtM pndpitate is mUected en a Ivg* 
««»)wd wit^ cold w«tH-.«udtbe)i villi hot, till &ce&c« " 
wlMch is t«s±«d for widi «Un^ and pota^aBH iodide. Tl 
f^troos sdftnto sohOKn ^memtlj- describe^ b Aen w 
iMo IW baikM-, ua tte pm^ilsto, staE b &e !«}>»• 
M()t«*aaK*Ucid(if BMMsai7),wd tfae talli— ie dTtiiMJ ^ 
timdvd. tn fboe «f Heari^ine po^rf w nfcrtM i. 90 ok if 
iMvoniiw w»Wrtw*ainiwg««f.iaM parBa*)—rytg 
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stated, 20 C.C. of the stannous chloride were used in each experi- 
ment with 10 e.c. of hydrochloric acid, and were diluted to 100 c.c. 
with water before titration. 

Effect of Varying Hydrochloric Acid. 

Acid added . .. . i.o c.c. lo.o c.c. 20.0 c.c. 50.0 c.c. 
** Permanganate " required 18.8 „ 18.9 ,, 18.8 „ 18.8 „ 

The only effect of the increase in quantity of acid was to give 
the brown of perchloride of manganese instead of the pink of 
permanganic acid to mark the finishing point. 

Effect of Varying Temperature. 

Temperature . , . 15" C. 50* C. 70* C. 100* C. 
" Permanganate " required 18.8 c.c. 18.7 c.c. 18.6 c.c. 18.4 c.c. 

Bate of Atmospheric Oxidation. — Solutions ready for 
titration were exposed to air at the ordinary temperature for vary' 
ing lengths of time and then titrated. 

Time exposed . omin. 5 min. lomin. 2omin. 6omin. 
" Permanganate " 
required . . 18.8 c.c. 18.8 c.c. 18.8. c.c. 18.8 c.c. 18.6 c.c. 

It is best to titrate at once, although the loss by oxidation is 
only small after one hour's exposure. 
Effect of Varying Tin, 

Stannous chlo- 

ride added . i.o c.c. 10.0 c.c. 20.0 c.c. 50.0 c.c. loo.o c.c. 
" Permanganate " 

required . . 0.7 „ 8.8 „ 18.0 „ 47.4 „ 95.4 „ 

Effect of Varying Bulk. 

Bulk 50.0 0.0. loo.o C.C. 200.0 c.c. 500.0 C.C. 

" Permanganate " required 19.0 „ 18.3 „ 17.4 „ 15.1 „ 

The two last series show an interference, which is due to the 
oxygen dissolved in the water, as may be seen from the following 
similar experiments, which were, however, performed with water 
freed from oxygen and in which the titrations were effected in an 
atmosphere of carbonic acid. 

Effect of Varying Tin. — A new solution of stannous chloride 
was used. 

Stannous chlo- 
ride added • 1.0 c.c. 10.0 c.c. 20.0 c.c. 50.0 c.c. loo.o c.c. 

" Permanganate " 
required . . 1.0 „ 10.0 „ 19.8 „ 49.6 ,, 99.3 „ 

Effect of Varying Bulk. 

Bulk . . . 30.0 C.C. 50.0 c.c. loo.o C.C. 200.0 c.c. 500.0 c.c. 
" Permanganate" 
required . . 19.8 „ 19.8 „ 19.8 „ 19.8 „ 19.8 „ 
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It will ba seen that in working under these conditions fliB ' 
results are proportionnl and the method eatiafaotory, 

Examination of Tin Phosphide.— (PfospAor Tin.) — This 
Bubstance is used in the manufacture of " phosphor bronze " and 
similar alloys. It is a crystalline, imperfectly-malleable, metallic 
Bubatance. It is soluble in hydrochloric acid with effervescence; 
pbosphoretted hydrogen, wLich inflames on the addition of a 
drop or two of nitric acid, being evolved. It is attacked by 
nitric acid, yielding a white powder of stannic phosphate ; this is 
not easily decomposed by anjmoniuin sulphide or readily soluble 
in hydrochloric acid. 

" Phosphor-tin " is made up only of tin and phosphorus. For 
the estimation weigh up i gram. Place in a weighed Berlin 
dish; and cover with lo c.c, of nitric acid and 3 or 4 c.c. of 
water. I-et the reaction proceed (under a clock-glass) on the 
water-hath till complete. Remove the glass; evaporate to dry- 
ness, and ignite, at first gently over a Bunaen burner, and after- 
wards in the muffle at a red heat. Cool in the desiccator, and 
weigh aa quickly as possible when cold. The substance contains 
the tin as stannic oside, SnO,, and the phosphorus as phosphoric 
oxide, PjOj. The increase in weight on the gram of subatanoB 
taken gives the weight of the oxygen taken up by the phoaphoma 
and tin, and since 1 gram of tin takes up only 0,271 gram of 
oxygen, and i gram of phosphorus takes up i.zg gram, the pro- 
portion of tin to phosphorus can be calculated from the increasB 
in weight. For example, i gram of a sample gave 1.3410 gram 
of mixed oxides, which is 0.070 gram in excess of that which 
would be got with pure tin. IE the substance was all phosphorus 
the excess would be 1,0190 gram; consequently the proportion of 
phosphorus in the substance is o.oyo-r- 1.019, or ^-^1 percent 
The tin is calculated by difference, 93.13 per cent. 

Another method of separating and determining the phosphorus 
is as follows :— Take 1 gram of the substance and add to it 15 e.c. 
of hot aqua regia. Boil till dissolved, dilute, and precipitate the 
tin with sulphuretted hydrogen. To the filtrate add ammonia 
and "magnesia mixture." Filter; wash the precipitate witb 
dilute ammonia ; dry, ignite, and weigh as magnesic pyrophos- 
_.i..i_ Calculate the phosphorus, and take the tin by difference 



A sample of phosphor 
Tin . 



93.1 per cent, (by difference) 
6.9 „ 



Tin Arsenide. — This is met with in tin-smelting; it closdy J 
resembles the phosphide, but the crystals have a duller. ir 



TIS. 

appearance. It contains simply tin and arsenic The determi- 
nation is made by treating i gram of the substance with nitric 
acid and weighing the mixed oxides of tin and arsenic in the 
saine manner as in the case of tlie phosphide. One gram of 
arsenic will give 1.533 gram of arsenic oxide, As,Oj ; consequently 
the excess of weight of the mixed oxides over 1.271 gram must 
be divided by 0.262; the result multiplied by 100 gives the 
percentage of arsenic. Id consequence of the higher atomic 
weight of arsenic the results by this method are not so close as 
with the phosphide. Each milligram of excess weight (over 
1. 271) represents 0.38 per cent, of arsenic, As. Both in this 
and in the corresponding phosphide determination care must be 
taken to avoid absorption of moisture, by allowing the oxides to 
cool in a desiccator and weighing quickly. 

The percentage of arsenic is better determined as follows ; — 
"Weigh up I gram of the sub.stance, dissolve in aqua regia, dilutOj 
and pass sulphuretted hydrogen. Itcnder alkaline with ammonia, 
and add ammonium sulphide till the precipitate is dissolved. 
Add "magnesia mixture." Filter off the precipitate, wash with 
dilute ammonia, ignite with a few drops of nitric acid, and weigh 
as magnesic pyrarsenate. Calculate the arsenic and take the tin 
by dili'erence. A sample treated in this way gave— 

Tin .... 96.8 per cent, by d''" 

Arsenic . . .3-2 .. 



Examination of Blaok Tin.^Dry the ore, and reduce it to 
a tine powder. Weigh up 2 grams, and boil with 20 c.c. of 
hydrochloric acid and 2 c.c. of nitric for ten or fifteen minutes, 
FUter, and reserve the filtrate. 

TuD^atic Aoid.^Digest the residue with about 50 c.c. of 
water and a few c.c. of dilute ammonia for a few minutes, and 
filter; collect the filtrate in a weighed porcelain dish, evaporate 
to diyness, ignite, and weigh as tungstic acid, WO3. 

Stannic Oxide. — Dry, ignite, and weigh the insoluble residue. 
Transfer to a porcelain boat, and reduce in a current of hydrogen, 
at a red heat for half an hour. Allow to cool whilst the hydrogen, 
ia still passing. Transfer the boat to a beaker, and dissolve up 
the tin in 10 c c. of hydrochloric acid and a c.c. or so of nitric. 
Wash out the combustion tube with some acid and add the wash- 
ing' to the contents of the beaker. Warm gently, dilute with, 
^ater, and filter. Collect, dry, ignite, and weigh the insoluble 
residue. Through the filtrate pass a rapid current of sulphuretted 
iiydrogen, allow to settle, and filter. Wash the precipitate with 
t L. — i.™ ■'—^^cine gently^ ignite with ammonium carbonate. 
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eigb as stannic oxide, SdO^ The insoluble residne v3Ha 

aees retain some tin. Fuse it with fnsion mixture, takenp 

with hydrochloric acid, filter, pasg sulphuretted hydi-ogen through 

thefiltrate, collect and wasii the sulphide of tin. Ignite and wei^ 

as stannic oxide, and add it to that previously ohtained. 

Copper. — Pass sulphuretted hydrogen through the acid filtrate 
obtained in the first cleaning of the ore, collect the precipitate, 
and wash first with soda solution and then with hot water. Dry, 
ignite, and weigh as cupric oxide, CuO. Mix the filtrate with 
that from the main portion of the sulphide of tin. 

Ferric Oxide. — Boil off the sulphuretted hydrogen from t!iB 
mixed filtrates and perosidise with nitric acid. Add ammonia in 
slight excess, boil, filter, dry, ignite, and weigh the precipitate aa 
ferric oside. This will be practicnlly pure, but the iron in it 
must be determined by dissolving and titrating. The filtrate 
from the iron may contain zinc, lime, and magnesia, but ramlj 
in quantities sufficient to be determined. 

Silica, &o. — The silica may be calculated from the wra^l 
of the residue insoluble in acid, after the reduction of the tin 
in hydrogen, by deducting from it the weight of the oxide rf 
tin subsequently found. Or it may be determined as follows:-— 
The insoluble portion is fused with fusion mixture, and taken vp 
with hydrochloric acid, as already described. On filtering, tha 
filter will retain a portion of the silica. The rest is recovered, 
after the removal of the stannous sulphide, by evaporating to 
dryness, taking up with hydrochloric acid, and filtering throogli 
the same filter. It is washed, dried, ignited, and weighed as 
sih'ca. The filtrate from the silica is boiled with a little nitric 
acid and precipitated with ammonia. The precipitate is collected, 
washed, ignited, and weighed as ferric oxide and alumina (but it 
frequently contains oxide of titanium). When the last is pre- 
sent it is determined by fusing with biaulphate of potash and 
extracting with cold water. The solution is nearly neutMlisrf 
with ammonia, charged with sulphurous acid, and boiled. The prfr 
cipitate is collected, washed, dried, ignited, and weighed as oxidB 
of titanium, TiO,. The difference between this weight and tbtf 
of the combined oxides gives the ferric oxide and alumina. TtM 
filtrate from the mixed oxides is examined for lime and magnesis. 

Sulphur.' — Bub up s grams of the ore with 5 grams of nitw^ 
transfer t-o a porcelain dish, and fuse over a Bunsen burner for 
fifteen minutes. When cold, extract with water, and deternuna 
the sulphur volumotrically with standard barium chloride. Tho 
suipliur may be present ns sulphide or sulphate. 

Arsenic. — Take 5 grams, and evaporate ■ with nitric acid; 
dilute, add ammonia, pass sulphuretted hydrogen, and filtafc 
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To the filtrate add '^ magnesia mixture." Collect the precipitate, 
ignite with nitric acid, and weigh as magnesic pyrarsenate. 

The following may be taken as an example of the composition 
of an impure black tin : — 

Tungstic acid i«8 7© 

Stannic oxide 79.0 

Silica 2.6 

Titanic oxide 0.8 

Copper oxide 0.9 

Ferric oxide 13.4 

Sulphur 0.4 

Arsenic 0.3 

99.2 

Examination of Hardhead. — In the smelting of tin ores a 
quantity of speise, known as "hardhead," is produced. It is 
essentially an arsenide of iron, carrying a considerable quantity 
of tin. Much of this last is present in the form of small buttons 
of metal distributed through the mass. The buttons can be seen 
on careful inspection, and become evident on powdering. 

In assaying the substance, a variation in the usual method of 
sampling is required, because of the quantity of metal present 
which cannot be powdered. After powdering as finely as possible, 
the coarse particles are sifted off and weighed. The weight of the 
powder is also taken. The method of working is best illustrated 
by an example. A sample of hardhead weighed 155.1 grams, 
and gave 21.0 grams of coarse particles, equivalent to 13.5 per 
cent, of the whole. The fine portion weighed 134 grams, which 
ia equivalent to 86.5 per cent. 

Thirteen and a half grams of the coarse material were dissolved 
in aqua regia, and diluted with water to i litre. Ten c.c. of this 
contain 0.135 gram of the metallic portion, which is the amount 
contained in i gram of the original hardhead. If, in a deter- 
mination, I gram of the substance is wanted, weigh up 0.865 
gram of the powdered portion, and add to it 10 c.c. of the solu- 
tion. It will be seen that these together make up i gram of the 
original sample. The solution of the metallic portion must be 
saved until the analysis is finished. 

Tin and Copper. — ^Weigh up the portion of the powdered 
stuff equivalent to i gram of the sample. Transfer to a flask, and 
cover with 10 c.c. of the solution of the metallic portion and 
10 c.c- of aqua regia. Boil gently till oxidation is complete and 
the nitric acid for the greater part driven off. Dilute to 100 c.c. 
with water, and pass sulphuretted hydrogen for some time. 
Eilter, wash with hot water, and rinse through the funnel back 
into the flask. Digest with yellow sodium siUphide until only n 




ae acid, ignite, 

I acad «it]i faTJro- 

ftbtdf- 

c aod. uid bciled 

kBf '«it^ hoit watv, ia 
A ab^ <i Aait due 

deoHl off a. few ex. of 
nA flriUvHMai lijfci^ui for tin. If no 
B SkmI, 4h9BI «■* Ae nst of the liquid, 

mt^iif 4aa^itS^ Ub a^d^aaUte in * lump; if then 



w^di a f pw c/\ of hot 




, drop (w ttro 

£]t«r. WaA 

tonic onde, 8n(V 



1 <d dw gM. 'Warm and pas ife 
gsv^ Voter 4V asx jin9ci|aLiM df 
^{^de of aasHC aad U—Ju it to ^m ^mA An- "anedc" 
BoO tLe Sltnte (igwadaip antf nigiii at a fnrl^a' pf<G<3}HUtiaa of 
ucBoue) vilJi a few cf. cd miOae and, and i^araie tiie inn W 
haacaaelate. WaA; muw dw flfaato fi»- cobalt. 

Iron. — Fiiiiii IimI IIm "liaiii aiiliili ,""|aiiii]iiliili iiiln llii (liiili, 
add flfHr"**! dSnte intk walii. to aboat zoo cx.^ sud pass sol' 
pbwetted hy d iogeB for • km laiMlm. Kh^, and va^^ viih 
hot vata. Colkct Um fihxate in Ote fiask labelled 
BooJ tbe predjntate «itfc dibte eolplraric add. filter, and titnto 
the filtrate with the pensai^mBBle of poias^utii et jntioii atbcF 
Imliiig off ibe sn]pfaai«U«d bTdn^en. Repeat the res^ilt as iron- 
The Eulpburic acid vill not <^ect annplri^ solntiMi. a li^t fal>^ 
rafitdae will renmo, chieAj EaljAnr ; this must be rinsed into tli* 
£ltrat« from tbe acetal« sqnratioii. It contains oofaaH. 

Cobalt. — The fihrate fnnii the acetate eefsiation viQ bam t { 
pink coloor. Besder it atniootiiacal and pass salphnrettai 
* ThiE will giie almost the irbole of tbe tin; a TmtheipartiaaiMi' 
jat In (nib^quent wnrk. sad most be added ' - ' ~ - '*- 
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hydrogen. Collect the precipitate on a filter, dry, and ignite. 
Dissolve in hydrochloric acid, and evaporate nearly to dryness 
with an excess of nitric acid. Dilute with 10 or 20 c.c. of water 
and add potash solution in slight excess. Add acetic acid until 
the solution is add and the precipitate is quite dissolved. Add 
20 or 30 c.c. of a strong solution of potassium nitrite, and determine 
the cobalt, as described on pp. 2 14, 2 16. Boil the filtrate from the 
cobalt, precipitate with hydrochloric acid, render ammoniacal, and 
test for zinc, nickel, and manganese. 

The remainder of the tin will be contained in the flask labelled 
** arsenic." Acidify with hydrochloric acid and filter. Kinse 
into a beaker, and evaporate to a small bulk with 10 c.c. of nitric 
acid. Dilute and filter. Dry the precipitate, consisting of stannic 
arsenate (2SnO,.As,05), ignite, and weigh. Calculate the tin it 
contains by multiplying by 0.4453, and add to that already found. 

Arsenio. — This is determined in a separate portion. "Weigh 
up a portion of the powder equivalent to i gram of the hardhead, 
place in a pint flask, and boil with 10 c.c. of nitric acid. When 
action has ceased add 10 c.c. of the solution of the metallic portion 
and then hydrochloric acid (a few drops at a time) till solution is 
complete. Wai-m gently in dissolving, but do not boil. Dilute 
to about 100 c.c, render alkaline with ammonia, and add 20 c.c. 
of yellow ammonium sulphide. Digest at a gentle heat for about 
thirty minutes, filter, and wash. Add 50 c.c. of magnesia mixture, 
shake well, allow to stand for an hour, filter, and wash with 
dilute ammonia. The precipitate is dissolved and then titrated 
with uranium acetate, or it is evaporated with nitric acid, ignited, 
and weighed as pyrarsenate of magnesia. Calculate the result to 
arsenic. As. 

Sulphur. — Weigh up a portion of the powder equivalent to 
2 or 3 grams of the hardhead. Bub up in a mortar with 5 grams 
of nitre and fuse in a porcelain dish for ten minutes. Extract 
with water, add 20 or 30 c.c. (as the case may be) of the solution 
of the " metallics." Add 10 grams of sodic acetate, and feme 
chloride until the precipitate turns brown ; dilute with water to 
half a litre, boil, and titrate with standard baric chloride, as 
described under Sulphur, Report as sulphur. 

A sample of hardhead examined in this way gave — 



Sulphur 3.00 

Arsenic 27.10 

Tin 22.2 

Copper 1.64 

Iron 4^.2 

Cobalt 2.6 



99-74 







TEXT-BOOK OF ASSATISG. 




I 



I 



I 



Examinatioii of Tin Slags. — In tin smeitin 

'■Blag" is applied to the unfused portioi 
made up of unbumt anthracite and small lumps o 
together with some buttons of metallic tin. This is rarely, if 
ever, assayed. The slag proper (or, as it is generally called, 
"glass ") is a silicate of iron, almoina, and lime, containing froDi 
3 to 7 per cent, of tin. It is thus esamined : — The sample after 
bruising on an iron plate, ia reduced to a very fine powder by 
grinding in an agate mortar. Ia this state it is in most casa 
readily decomposed by hydrochloric acid. 

Determination of Tin. — Where the percentage of tin only 
is required, take 2 grams of the powdered slag and well mis with 
it 20 c.c. of hydrochloric acid, and heat to boiling. Add i c.c. rf 
oitrie acid, allow to stand for fifteen minutes, dilute with water, 
and filter. Pass a rapid current of sulphuretted hydrogen for 
some time. Allow to settle, and lilter. The precipitate, after 
washing with hot water, is dried, and gently calcined until tbe 
greater part of the sulphur is burnt off. It is then strongly 
ignited in the muffle (or over the blowpipe) with the addition d 
a small lump of ammonic carbonate. The residue is weighed aa 
stannic oxide (SnO,); and is calculated to metallic tin by multi- 
plying by 0.787. The percentage on the slag is calculated in the 
usual way. 

The tin is always best determined in the examination of slagB 
by a separate assay canied out in this way. The determination 
of the other constituents is thus made ; — 

Silica. — Take 2 grams of the powdered slag and cover them, 
in a small evaporating dish, with 20 c.c. of hydrochloric acid ; mix 
well by stirring with a glass rod; and evaporate to dryness. If 
(as ia generally the case) tungsten is pi'esent the solution will bo 
blue. Take up with zo c.c. of hydrochloric acid. Add i ca of 
nitric acid ; and reduce hy boiling to about half the bulk. Add' 
about 20 c.c. of water, boil, and filter. Wash the residue with 
hot dilute hydrochloric acid. It consists of silica with the tungstie 
acid. Wash it back into the dish; and digest with 5 or 10 cx.d 
a cold solution of ammonio carbonate, filter; and collect the 
filtrate and washings in a weighed porcelain dish. Dry tiia 
residue, ignite strongly, and weigh as silica, SiO,. In certam 
exceptional cases this may contain some unaltered cassitente, 
which is easily recognised by its appearance. 

Tungsten. — The ammonic carbonate filtrate from the silica is 
evaporated to dryness, ignited strongly over the blowpipe, and 
weighed. The residue is tungstie aeid, WO3. The tungsten may 
be conveniently reported in this form, although it is probaU' 
present as a lower oxide. 
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Tin. — The acid filtrate from the silica and tungstic acid i* 
treated with sulphuretted hydrogen. The sulphide of tin ia 
filtered offl Since the percentage of tin has been already deter- 
mined, this precipitate may be neglected ; or may be treated in 
the same way as the previous one, so as to check the result. 
Since some stannic chloride will have been lost in the evaporation, 
a low result may be expected. The tin should be reported as 
stannous oxide ; and is calculated by multiplying the percentage 
of tin by 1.136. 

The filtrate from the tin is boiled rapidly down to remove sul- 
phuretted hydrogen; and then peroxidised with i or 2 c.c. of 
nitric acid. It is cooled, transferred to a graduated flask, and 
diluted with water to 200 c.c. 

Ferrous Oxide and Alumina. — Half the filtrate from the 
tin (that is, 100 c.c.) is taken, nearly neutralised with soda, and 
treated with sodium acetate. The basic acetate precipitate ob- 
tained on boiling is filtered off and washed. Reserve the filtrate 
The precipitate is dissolved off the filter with hot dilute hydro- 
chloric acid ; and the solution thus formed is treated with a slight 
excess of ammonia, and boiled. The precipitate is filtered off,, 
washed with hot water, dried, ignited, and weighed as mixed* 
ferric oxide and alumina. The ignited precipitate is then dis- 
solved with sulphimc and hydrochloric acids ; and the iron deter- 
mined in the solution by titration with the solution of stannous 
chloride. The iron found is calculated to and reported as ferrous 
oxide, FeO (factor =1.286). To find the alumina, which is best 
estimated by difference, multiply the iron by 1.428 to get the 
weight of ferric oxide, and deduct this from the weight of alumina 
and ferric oxide found. This, of course, gives the alumina. A 
direct determination may be made by removing the tin from the 
titrated solution with sulphuretted hydrogen, filtering, nearly 
neutralising with ammonia, and boiling with a few grams of' 
hyposulphite of soda. The precipitate, filtered, washed, and! 
ignited, is the alumina, which is weighed. The direct determina- 
tion gives a slightly low result. 

Oxides of Zinc and Manganese. — These are determined in 
the filtrate from the basic acetate precipitate by rendering alkaHne 
with ammonia, and passing a current of sulphuretted hydrogen. 
Grenerally a small, but decided, precipitate of alumina comes down, 
together with sulphides of any zinc or manganese which is present. 
The precipitate is allowed to settle, dried ignited, and weighed. 
The metals are separately determined in it; and the residue is 
counted as alumina, and added to that already found. The mixed 
precipitate amounts to from i to 2 per cent, of the sample. 
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inly occurs as a mineral in its oxidified stale, or u 
ililu I'TiO,). It is a subst&nce which has little commei^ 
', and in ^nerally recognised as one of the rare bodies; 
, in miiall [juantities, it is widely disseminated. It occuis 
I, IniiuJI, aoit other igneous rocks in q^uantities ap to as 



TITANIUM. 249 

much as i per cent. It is also met with in clays and iron orets , 
and in river sands, in which it is often associated with stream tin. 
The proper minerals of titanium are rutile (TiO,), titaniferous 
iron (titanate of iron), and sphene (titanate and silicate of lime). 

The oxide of titanium (like cassiterite and quartz) is undecom- 
posed by hydrochloric or nitric acid ; so that it is generally found 
in the residue insoluble in acids. The titanates, however, are 
attacked, and a portion of the titanium dissolves ; so that it must 
be looked for in both the filtrate and residue. Oxide of titanium 
in its native form, or after ignition, may be made soluble by fusing 
the finely-divided substance with fusion mixture in a platinum 
dish. The resulting titanate is dissolved out of the ** melt " by 
cold hydrochloric acid. 

The method most commonly used is fusion with bisulphate of 
potash. This renders the oxide of titanium soluble in cold water. 
The process is as follows: — The substance is extracted with 
hydrochloric and nitric acids, and the solution reserved for further 
treatment ; the residue is dried, moistened with sulphuric acid, 
and evaporated once or twice to dryness with hydrofluoric acid. 
It is then fused with bisulphate of potash, and the " melt" ex- 
tracted with cold water until all soluble matter is removed. The 
solution is filtered. The residue may consist of unreraoved silica, 
and oxides of tantalum, niobium, and, perhaps, chromium. On 
the prolonged boiling of the filtrate, the oxide of titanium (and 
oxide of zirconium, tf any) is precipitated. 

Any titanium dissolved by the first extraction with acids is re- 
covered in the following way : — Sulphuretted hydrogen is passed 
into the acid solution, and any precipitate that may be formed is 
filtered off. The filtrate is oxidised, and the iron, aluminium, and 
titanium are separated as basic acetates (see under Iron), The 
precipitate is dried and fused with bisulphate of potash. The 
** melt" is extracted with cold water, filtered if necessary, and the 
solution rendered first faintly alkaline with ammonia, then very 
slightly acid with sulphuric acid. 30 or 40 c.c. of a saturat-ed 
solution of sulphurous acid is added, and the oxide of titanium 
precipitated by prolonged boiling. It is filtered off, added to the 
precipitate previously got, ignited with ammonic carbonate to- 
wards the end, and then weighed. 

Detection. — ^Titanium is detected in an insoluble residue by 
fusing the residue for some time in a bead of microcosmic salt. 
In the reducing flame it gives a violet colour, which becomes 
reddish-brown if much iron is present. In the oxidising flame it 
gives a colourless or whitish bead. It is best detected in acid 
solutions by the deep brown or iodine colour developed on adding 
hydi-oxyl. A solution of this can be prepared by pouring per- 
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e of bai-ium (BaO,) diffused in water into dilute hydroahlorie 
acid (n little at a time), and keeping the acid in excess. 

Separation. — In the usual course of an analytical separation 
the hydrate of titanium will be thrown down with ferric hydrate, 
ifec, on the addition of amEnonic chloride and ammonia. It is 
best separated from this prenipitate by fusion with bisutphate of 
potash, as already described, but it must be remembered that the 
presence of much mineral acid prevents complete precipitation when 
the solution ia boiled. Purther, if phosphates are present, the pre- 
cipitate will contain phosphoric oxide ; it may be freed from this 
by fusion with sodium carbonate. A very good method of sepa- 
rating titanium from iron is to add tartaric acid and ammonia to 
the solution, and then precipitate the iron (as sulphide) with sul- 
phuretted hydrogen. The filtrate contains the titanium, which 
is recovered by evaporating and igniting. It may be separated 
from zirconia by the action of sodium carbonate, which prec^- 
tatea both ; but when concentrated, redissolves the zireoniiL 
The separation from large quantities of silica is best effected by 
evaporating with hydrofluoric acid, which Tolatilises the silicon; 
but sulphuric acid must be present, otherwise some titanium also 
will be lost, as may be seen from the following experiments,* fa 
which oxide of titanium (pure, ignited) was evaporated to dryness 
with a quantity of hydrofluoric acid known by experiment to be 
sufficient to volatilise I gram of silica. 

Without sulphuric acid, 0.0466 gram of titanic oxide left 0.0349 , 
gram, showing a loss of about 25 per cent. 

Wifk sulphuric acid the following results were obtained t^ 
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GHAVIMETHIC DETERMINATIOM". 

The titanic hydrate thrown down by ammonia (or on boiling 
the solution from the bisulphate) is collected, washed, dried, 
ignited strongly with the addition of a little ammonic carbonate, 
and weighed. The substance is titanic oside (TiO,), and ia gene- 
rally reported as such. It contains 60.98 per cent, of titanium. 
It should be white, if pure (Holland), white, yellow, or brown 
(Fresenius), or black (Tidy). 

* Published by P. Holland, in the Chemical Neat, vol. lis. p. »■ 
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VOLUMETRIC METHOD. 

A method has been proposed based on the reduction of titanic 
oxide by zinc in hydrochloric acid solutions to the sesquioxide. 
The reduction is marked by the development of a violet or green 
colour, the former with chlorides and the latter when fluorides are 
present. The quantity of titanium reduced is measured by titrat- 
ing with permanganate of potassium solution. The water used 
must be free from dissolved oxygen. 

TUNGSTEN AND TUNGSTATES. 

Tungsten occurs in nature only in the oxidised state, or as 
tungstic acid (WO3), either free, as in wolframine, or combined 
with oxides of manganese and iron, as in wolfram, or with lime, 
as in scheelite. Wolfram occurs associated with tin ores, the 
value of which is consequently lowered. Both wolfram and schee- 
lite are of considerable importance as a source of tungstic acid for 
the manufacture of sodium tungstate, which is used as a mordant 
and for some other purposes, and as a source of metallic tungsten, 
which is u!sed in steel-making. 

The tungsten minerals have a high specific gravity (6 to 7.5). 
On treatment with hydrochloric acid or aqua regia they are de- 
composed; the yellow tungstic acid separates and remains in- 
soluble. 

Tungsten itself is insoluble in nitric acid or aqua regia ; but is 
converted into tungstic acid (WO3) by prolonged and strong igni- 
tion in air. Alloys containing tungsten leave tungstic acid after 
treatment with nitric acid or aqua regia. Tungstic acid may be 
got into solution after fusion with alkaHes or alkaline carbonates. 
This solution gives with hydrochloric acid a white precipitate of 
tungstic acid, which becomes yellow on boiling, but the separation 
is not complete. Fusion with bisulphate of potash gives a resi- 
due, which does not dissolve in water, but is soluble in ammonic 
carbonate. Eor the assay of minerals containing tungsten these 
reactions are only occasionally taken advantage of for testing or 
purifying the separated tungstic acid. 

Detection. — ^The minerals are easily recognised by their 
physical characters, and the yellow tungstic acid separated by 
boiling with acids is the best test for its presence ; this, after de- 
canting and washing, immediately dissolves in a few drops of 
dilute ammonia. A solution of tungstate acidulated with hydro- 
chloric acid becomes intensely blue on the addition of stannous 
chloride and warming. Fused in a bead of microcosmic salt it 
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gives a clear blue colour (reddish -broufn if iron is also present) &I 
the reducing flame, but is colourless in the oxidising flkme^ 

Solation and Separation. — The decomposition and Bolntmi 
of natural tnogstates is -liScuIt to etfect owing to the eeparatitm 
4^ toDgstic odd ; the method of treatment is as fdlows : — Boil 
the finely-powdered sabstaoce with hrdiochloric acid or sqiu 
regia till it apparently ceases to be attacked; dilute, filter, and 
wash with dilate hydrochloric acid. Cover with dilute ammotiia, 
and filter the solution, which contains antmonic tungstate, iota 
an eraporating dish. Treat the residue again with acid, sod 
again dissolve out the separated tungstic acid with ammonia, and 
repeat this operation until decomposition is complete. By thii 
means there mill be obtaiced — (i) a solution containing tungstate 
cf ammonia; (2) an insoluble re.sidue with silicates, and osideaot 
tin, niobium, tantalum, &e, - and (3) an acid solution containing 
the soluble bases. The tungstate of ammonia requires sinpla 
«vaporation on the water-bath and gentle ignition in order to 
cause the tungstic acid to be left in an almost pure state ; possililf) 
it may carry a little silica. 

GHAVIMETBIC DETEBMINATIOTT. 

The tungstic acid is dissolved, and separated as amnionic tnng- 
state, and, after evaporation, is gently ignited, the heat being 
increased towards the end. The residual tungstic acid is fixed, 
so that when the ammonia has been driven ofl it may be strongly 
iieated without loss. It is a dark yellow or brown powder whilEt 
hot, which becomes a light yellow on cooling. If any reduction 
has taken place it will be more or less greenish. It is weighed 
when cold, and is the trioxide or "tungstic acid " (WOj), wbicli 
contains 79.31 per cent, of tungsten. After its weight has been 
taken its purity is checked by fusing with hydric potassic sulphate, 
extracting with water, and treating the residue irith ammonic 
carbonate. Any silica present will be left undissolved ; it should 
be separated and weighed, and its weight deducted from that d 
the tungstic acid found. 

Setermination of Tungstic Acid in 'Wolfram. — ^Take 
a grams of the finely-powdered sample and boil with 50 co. 
of hydrochloric acid for half an hour, adding 5 c.c. of nitric 
acid towards the end. Allow to stand overnight and b«l 
again for 15 or 20 minutes; dilute with an equal volume ol 
water, and filter. Wash with dilute hydrochloric acid, dissolve 
in a few c.c. of warm dilute ammonia, and dilute to 2oo c.c. witli 
distilled water ; allow to settle, and filter. Evaporate in a weighed 
dish, ignite, and weigh. 
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The following analysis will illustrate the composition of a 
sample of Cornish wolfram as brought into the market : — 



Tungstic acid 






. 50.1 


Gassiterite . . • . 






. 10.9 


Ferrous oxide . 






24.6 


Manganous oxide 






. 5.4 


Niobic oxide, alumina, &c. , 






• 3-5 


Silica 






1.2 


Copper oxide 






. 2.7 


Zinc oxide . . . . 






0.22 


Arsenic . • • « 






0.51 


Sulphur • • • , 






0.20 
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NIOBIC AND TANTALIC OXIDES. 

Tliese oxides are commonly met with in samples of wolfram and 
tinstone, especially niobic. They are probably present in the 
form of columbite, a niobate of iron and manganese; and tanta- 
lite, a tantalate of the same metals. 

On boiling with hydrochloric acid they are both liberated, and 
remain for the greater part (all the niobic) in the insoluble 
residue with the tungstic add. On removing the latter with 
dilute ammonia they remain as a white insoluble precipitate, very 
prone to run through the filter on washing. They may be dis- 
solved in hydrofluoric acid either at once or after fusion with 
bisulphate of potash, and extraction with cold water. To the 
solution in hydrofluoric acid gradually add a boiling solution of 
acid potassium fluoride (HF,KF.). Potassic fluotantalate (soluble 
in 200 parts of water) separates out first, and afterwards potassic 
fluoniobate (soluble in 12 parts of water). The separated salts- 
(after heating with sulphuric acid and washing out the potassiumi 
sulphate formed) are ignited with ammonic carbonate, and weighed 
as tantalic oxide (Ta^Og) and niobic oxide (Nb^Og) respectively. 

They are both white powders. The oxide of niobium dissolved 
in a bead of microcosmic salt gives a bluish colour in the reducing 
flame. The oxide of tantalum dissolves in the bead, bub gives no 
colour. 
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CHAPTEE, XIII. 
MAIfQANESE, CHS.OUIVM, &c. 

MANGANESE. 

Manganese occurs mainly as black osdde (MnO,) in the minutl 
pyroluaite ; and, in a less pure form, in psilomelaae and vad. 
The value of the ore depends rather on the percentage of avail- 
able oxygen than on the praportion of metal present. The iflsnlta 
of assays are generally reported as so much per cent, of the dioiida 
(MnO,). In smaller quantities it is very widely diatribatei 
Manganese itself has a value for steel-making ; or, rather, forthe 
making of spiegeleisen and ferro-manganese, which are used in 
the Bessemer and Siemens processes. Eor this purpose the pe^ 
centage of the metal (Mn) is required. Consequently the minKals 
of manganese may be cousidei'sd in two aspects — (i) ns a soutca 
of oxygen; and (a) as a source of manganese. These will require 
separate consideration. 

The black oxide is mainly used in the preparation of chlorine, 
liberation of which it brings about when treated with hot hydro- 
chloric acid, or with a misrture of coinnion salt and sulphuric 
acid. The quitntity of chlorine which is obtained depends upon 
the proportion of dioxide present ;• and in assaying may either 
be measured by ita equivalent of iodine liberated, or by tha 
oxidising effect on an acid solution of ferrous sulphate. When 
the ore also caniea substances which have a reducing eflfeot 
(such as ferrous compounds), such assays will give, not the total 
dioxide (MuOj), but leas, by the amount required to oxidise there 
impurities ; and this is exactly what is required in valuing such 
an ore for commercial purposes. Manganese compounds oie 
characterised by the readiness with which they may be tx»- 
verted into highly-oxidised bodies. Solution of manganese in 
hydrochloric acid, rendered alkaline with ammonia, yields a cleu 
solution,t which rapidly takes up oxygen from the air, forming 
a brown precipitate of the oxide (Mn^O^). The addition ot 
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bromine or chlorine to such a solution determines the precipi- 
tation of a still higher oxide (approximately MnO,). On treating 
a compound containing manganese with nitric acid and dioxide 
of lead (PbOJ, the oxidation is carried still further, a purple- 
coloured solution of permanganic acid (HMnO^ or H20.Mn20y) 
being formed. On fusing minerals containing (even traces of) 
manganese with sodium carbonate in an open crucible, a green 
** melt " is obtained which owes its colour to sodium manganate 
(Na^MnO^ or Na^O.MnOg). This salt is soluble in water, forming 
a green solution ; which, when rendered acid, rapidly changes 
into the permanganate with the characteristic purple colour. 
Permanganate of potash is a salt much used in assaying, with 
some properties of which the student will have already become 
familiar. 

Compounds of manganese, on boiling with strong hydrochloric 
acid, yield manganous chloride * (MnCy. 

The properties given above serve for the detection of manga- 
nese ; the higher oxides are distinguished by causing the evolution 
of chlorine (with its peculiarly suffocating smell) when acted on 
with hydrochloric acid; while the green "melt," with sodium 
carbonate, can be relied on for the recognition of manganese 
itself. There is no dry assay of manganese ores. 

WET METHODS. 

Strong hydrochloric acid is the best solvent for ores of man- 
ganese; but where the proportion of dioxide (MnOg) is required, 
the solution is effected during the assay. The ore should be in 
a very fine state of division before treatment with acids. 

The separation of manganese from other metals is thus effected : 
Ignite, in order to destroy any organic matter which may be 
present ; dissolve in hydrochloric acid, and evaporate to dryness, 
to separate silica. Taie up with hydrochloric acid, dilute, pass 
sulphuretted hydrogen, and filter. Boil off the excess of gas, 
peroxidise the iron with a drop or two of nitric acid, and separate 
the iron as basic acetate (as described under Iron).1f If the iron 
precipitate is bulky, it is dissolved in a little hydrochloric acid, 
reprecipitated, and the filtrate added to the original one. Neu- 
tralise with soda, and add bromine in excess ; heat gradually 
to boiling, allow to settle, and filter. The precipitate is impure 
dioxide of manganese (containing alkalies and, possibly, cobalt 
or nickel). 

♦ With some silicates, &c., a preliminary fusion with sodium carbonate 
will be necessary. 

t Instead of sodium acetate, ammonium succinate can be used. 
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PERROUS SULPHATE ASSAY. 

This method, which is the one commonly used, is based on the 
determination of the amount of ferrous iron oxidised by a known 
weight of the ore. It is known that 87 parts of the dioxide will 
oxidise 112 parts of ferrous iron ; * therefore i gram will oxidise 
1.287 gram of ferrous iron, or i gram of ferrous iron oxidised will 
be equivalent to 0.7768 gram of the dioxide. The finely-divided 
f^ubstance containing the dioxide is digested in a solution of a 
known quantity of iron in sulphuric acid. The iron, of course, 
must be in excess, which excess is determined when the ore is 
dissolved by titrating with standard permanganate or bichromate 
of potash solution. The assay resolves itself into one for the 
determination of ferrous iron, for which the standard solutions 
and method of working described under Iron are used. 

The assay is as follows : — For rich ores, 2 grams of clean soft 
iron wire are treated, in a pint flask, with 100 c.c. of dilute 
sulphuric acid and warmed till dissolved. Carefully sample the ore, 
and in one portion determine the " moisture at 100* C. ;" grind 
the rest in a Wedgwood mortar with a little pure alcohol until 
free from grit. This reduces the substance to a finely-divided 
state and assists solution. Evaporate off the alcohol and dry at 
100' C, mix well, and keep in a weighing-bottle. Weigh up 
2 grams and add them to the solution of iron in the flask ; carefully 
wash it all down into the acid liquid. On rotating the flask the 
ore will rapidly dissolve, but gentle heat may be used towards 
the end to complete the solution. When the residue is clean and 
sandy-looking, and free from black particles, the flask is cooled, 
and the residual ferrous iron is determined by titration with " per- 
manganate." The iron thus found, deducted from the 2 grams 
taken, will give the amount of iron peroxidised by the dioxide 
contained in the 2 grams of ore. This divided by 2 and 
multiplied by 77.68 will give the percentage of dioxide in the 
sample, or multiplied by 49.41 will give that of metallic manganese. 
When the quantity of manganese or of the dioxide to be deter- 
mined is small, it is not necessary to use 2 grams of iron ; i gram, 
or even less, may be taken. The iron may be used in the form of 
a standard solution of ferrous sulphate and portions measured oflT, 
thus saving the labour of weighing. 

• MnO,+ 2FeS04+ 2H,S0^= Fe.^(SO J, + MnSO^ + 2H,0. 
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Determination of Dioxide in a Manganese Ore. — Weigh 
up I or 2 grams of the finely -powdered oi'e * and an equal weight 
of pure iron wire, dissolve the wire in 50 or too c.c. of dilate sul- 
phuric acid, iind, when solutiou is complete, add the ore and warm 
till it too is dissolved. Cool and titrate the remaining ferrous 
iron with the permanganate or bichromate of potasaiuni solutioD. 

For example, 0.7560 gram of pyrolitsite and i.ooo gram of 
iron were taken and treated as above; 13.9 c.c. of " perman- 
ganate " {standard loo c.c. = o.4920 gram iron) were required; 
this indicates that 0.0684 gi'ani of iron was left tinoxidised by the 
ore. The iron oxidised, then, was 0.9316 gram (i.ooo — 0.06S4); 
multiplying this by 0.7768, we find that 0.7237 gram is the 
quantity of manganese dioxide which was present. This ia 
equivalent to 95.77 per cent. ; 

0.7560 : 0.7237 : : 100 : 95.77. 

IODINE METHOD. 

It has been already stated that when dioxide of manganese ia 
boiled with sti-ong hydrochloric acid clilorine is giveu off, and 
that the amount of chlorine so liberated is a measure of tiie 
dioxide present. If the chlorine ia passed into a solution rf 
potassium, iodide, an equivalent of iodine will be set free-t This 
is apparently b, very indirect 
way of determining how much 
of the dioxide is prp.sent; but 
the reactions are veiy Bharj, 
and the final determinntiffli 
of the iodine is an easy one. 
The finely-powdered sampl* 
of dioxide is placed in a smiJI 
flask provided with an eidt 
tube leading into a solation 
of potassic iodide (fig. 60). 
On adding hydrochloric odd 
and boiling, the chlcpriM 
evolved is driven into the 
iodide solution and there alJ- 
soi-bed ; the boiling is con- 
tinued till the steam and hydrochloric acid fumes haVK- driven tin. 
last portions of the chlorine out of the flask and into the solntioo.-. 
In this experiment there is a strong tendency for the iodide eoln- 
• If the ore J8 verjrich, a smaUer quantity (075 or i . 5 gram) mMl b« 
taken : otherwise the iron will be insuDicient. 
t Mn0,-f-4HCl = MQ0L,-h2H,O-l-Cly 
C], + 2KI^2KC1-I-I, 
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tion to rush back into the flask. This tendency is overcome by 
avoiding draughts and regulating the heat ; or by placing a lump 
of magnesite in the flask, which acts by evolving carbonic acid and 
so producing a steady outward pressure. When the distillation is 
finished the tube containing the iodine is detached and washed 
out into a beaker. If the solution is strongly acid it should be 
almost neutralised by the cautious addition of dilute ammonia. 
If crystals of iodine have separated, potassium iodide must be 
added in quantity sufficient to dissolve them. The condenser 
must be kept cool whilst the chlorine is passing into it. 

The solution, transferred to a beaker, is titrated with a standard 
solution of sodic hyposulphite (100 c.c. = 1.27 gram iodine or 
0.435 gra^ oi dioxide of manganese). In titrating, the solu- 
tion should be cold, or not warmer than 30" C. The bulk 
may vary from 100 to 200 c.c; but it is best always to work 
with the same volume. The " hypo " is run in with constant 
agitation until the brown colour has been reduced to a light 
yellow ; 5 c.c. of starch solution are then added and the titration 
cautiously continued until the end is reached ; the finish is indi- 
cated by a change from blue to colourless. 

The assay solution may be acidified with acetic, sulphuric, 
or hydrochloric acid before titrating with "hypo;" but it 
must be only faintly so. An excess of acid may be nearly 
neutralised with ammonia without interference, but excess of 
alkali is fatal. Bicarbonate of soda must not be used in excess ; 
it is best to avoid it altogether. The assay solution should be 
titrated at once, as it weakens on standing ; and the " hypo " 
solution should be standardised every two or three days, as its 
strength is not constant. 

T/ie standard solution of hyposulphite of soda is made by dis- 
solving 25 grams of the salt (NajSjO,.5H,0) in water and diluting 
to I litre. 100 c.c. are equivalent to 1.27 gram of iodine. 

This solution is standardised by weighing, in a small beaker, 
about half a gram of iodine, to which is added a crystal or two of 
potassium iodide and a few drops of water. When dissolved, the 
solution is diluted to 100 c.c, and titrated in the manner 
described. The starch solution is made in the manner described 
xinder the iodide copper assay. 5 c.c. are used for each titration. 

In determining the effects of variations in the condition of the 
sssay a solution of iodine was used, which was equivalent in 
strength to the " hypo " solution. It was made by dissolving 
12.7 grams of iodine with 25 grams of potassium iodide in a Httle 
^water and diluting to i litre. 100 c.c of this solution were 
found (at the time of the experiments) to be equivalent to 102.0 c.c 
of the " hypo." . 
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Sttoet at VoTTlnir Temp^^atora^^^TIie bulk <if the » 
wan iDo c.e. ; 211 c.r. of iorime were taken, ami 5 pmj, iji sCandb. 
anhitioa were !wlili>H MWKrdii the end as indicator, Tbeae condi- 
tiiMM am also thrme •>( Che other "rp'TJi'i e nti. except nrbere otb^ 
witm stnttid. Iniiine h«nng volatile, ic U to be «xpeetai ckot witii 
bnt rtohitionn low r^snlta will ba obtained. 



T'-mpcrftt.iir 



6c° 



15. J. 



Th«w -show that the tempp-rature siioald not inucfa. nxceed 2a". 

Sffect at Sxpoaore of tiie Zbdmie aolutian. — T-metajcA 
at the iodine wsre dilnted to :no «.c^ and. eJCpoBBd tor vrtrvinf 
Ira^hn lit time in open beakers at the ardtnaiy tampeidciirG, and 
then tir.mted. 

IHinc enio^erl . . — r tiay 2 liaya j ilays 

"Hrjio reijtiired 30.4 f:.<i ifi.i c.c 13.6 li.u. •f^'i.a. 

BSSaot af VarTing Bnilc — ^Theae uzperiments were omU 
onO in the usual wa,y, bulk only varying. 



Effect of Varying Acid. — These experiments were i 



A conditiona, the bulk being i' 



Aneti''. aciil 

'■ Hjpn " reqnired 

SMncbioiic aciA 
* Byifi " raqnired 



30.4 c-c la? „ 

— i-i e.c 

2040.0. 3a6 „ 



^K 01 20.4 

K ECTe 

^^L tlons 



" Rjpo " reqnireii . 10-). cc. 21.5 „ ooold oat be ti 

Id t)>e application of this titration to ttie assay ol n 
orea, hydrochloric itnd hydriodic acida are the only ones likely to 
be present. 

Sffeot of Alkalies. — On theoretical grounds the presence of 1 
thew ifl known to he inadmi^ble. A solution rendered faintly 
alkaline nith ammonia rcjaired only it.2c.c. of "hypo; "and 
another, with 0.5 gram of caustic sods, required 4.0 t • ■ • 
ot 30.4 c,c. as in neiilnil solutions. 

ECTeot of nearly Noutralising Hydrocbloric Acid Sola- 
tlons with Ammonia.— Provided care is taken not to add I 



• lodiDc probably lost by volatilisation. 
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excess of ammonia, this has a good effect, counteracting the inter- 
ference of excess of acid. Thus 20 c.c. of iodine (as before) 
required 20.4 c.c. of "hypo;" with 15 c.c. of hydrochloric acid 
20.7 c.c. were required, but with 15 c.c. of acid, nearly neutral- 
ised with dilute ammonia 20.4 c.c. were used. 

EfTeot of the Addition of Starch. — The addition of varpng 
quantities of starch has no effect, provided it is added when the 
titration is nearly finished, as the following experiments show : — 

Starch added . i.o c.c. 5.0 c.c. lo.o c.c. 50.0 c.c. 
" Hypo " required 20.4 „ 20.4 „ 20.4 „ 20.5 „ 

But if the starch is added before the titration, the results are 
liable to error. 

Starch added • • i.o c.c. 50.0 c.c. 

" Hypo " required . 204 „ 24.0 „ 

The starch should be used fresh, and is best made on the day it 
is used ; after four days the finishing point is not so good. 

Effect of Varying Potassium Iodide. — An excess of iodide 
is always required to keep the iodine in solution ; a larger excess 
has little effect. 

Iodide added . • — i gram 20 grams 

" Hypo ** required • 204 c.c. 20.5 c.c. 20.6 c.c. 

The 20 c.c. of iodine used, itself contained 0.5 gram of potassium 
iodide. 

Effect of Foreign Salts. — 

Bicarbonate of soda 

added ... — 0.5 gram 1.5 gram 5.0 grams 

"Hypo" required . 20.4 c.c. 18.2 c.c. 1 7.1 c.c. 16.0 c.c. 

The solution obviously must be free from bicarbonate of soda. 
This should be remembered, since when titrating arsenic assays 
with iodine it must be present; and students must avoid con- 
founding the two titrations. 

In some other experiments, in which 10 grams each of the salts 
were taken, the following results were obtained : — 



Salt added . . — AmCl AmNO, Am^SO^ 

" Hypo " required . 20.40.0. 20.50.0. 20.30.0. 20.20.0. 

Salt added . . NaCl NaNO, Na,SO^ 

Hypo " required . 20.3 0.0. 20.4 c.c. 20.4 c.c. 



€t 



Effect of Varying Iodine. — 

Iodine added . 1.0 c.c. lo.o 0.0. 20.00.0. 50.0 c.c. 100,0 c.c. 
** Hypo " required 1.3 „ 10.2 „ 20.4 „ 51.0 „ 102.0 „ 

Determination of Dioxide in a Manganese Ore. — Weigh 
up 0.25 to 0.3 gram of the powdered ore; place in a flask, cover 
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wicb lo cc- of hydrochloric acid, and close the flask wii& a pnd!- 
fiaed cork, and bollM (ua shown ia Hg. 60), huvin^ prenaa^ 
charged the balb with 5 j^raios of potaasiiim. ioilide in sI^Bj^ boIb- 
tiaa. Heat the float, and boil fiantiously for about fifteen 
cniniites. Wash the contents if the bnlliH into a Ia.r^ bekkcr, 
nearly (but not qnite) neutralise with dilate ammoaiaL, and thntto 
with the standard " hypo;' 

A» an eiample, 0,2675 gram of pymloaite was t.ifcen. mad n- 
qnired 60.3 c.c. of atandard. "hypo " (lao c.c. eqnal t.iS5 gnm 
indine, or 0.4042 gram MnO,), which equiik a. 2437 gmm of tbe 
dioxide or 91.1 per cent. 

COLOaOCETHIC METHOD. 

When compoonda of mangtmese frea from chlocufes »« boQed 
'with aitrie acid and dioxtiie of lead,* the manganese is converted 
into permaogasic acid, vhieh is soluble &ad tints the solution 
■ncAeA. The depth of cokxir depends oa tte amoimt of m&nganese 
present, and this should not much exceed to milligrants. A 
^jn-inlity of anbatance cent-lining not more than this aoioaDtof 
irwnganese shonld be boOed for a few minates with. 35 CdC. of a 
aolntion containing 5 cji. of nitric acid, and lo or 2a c.c. of dilate 
Knlphoric acid, with 2 or 3 grams of le&d dioxide. Filter throng 
asbeatoa, waah by decantatioa with dUiite sa]pharic acid, make np 
with distilled w&terf to a definite bulk, and take a measored por- 
tion for the colorimetric determination. 

The standard solution of manganese is made by dissolving 
''■•43S gram of permanganate of potash (KMnO,) in a little 
water acidulated with nitric add, and diluting to i litre. One 
c.c. will contain 0.05 miUigmm of manganese. 

PRACTICAL EXEBCISES. 

1. Wbae percentage of manganese (Mn) is conlained in permanganate el 
potash (KiinO.l I 

3. Tm c.c. of a soluiion of permacganate of potafh is fomid to oiidiH 
10 c.c, of an acid solotion of fen'Ons sulphate. The mangane^ ii 
determined in the titrated solntion by precipitation aa diosida 
and titrating. How much of the fetrons solution will be oiddiied 
in the second titration I 

3. What weight of potassium iodide tronld be just sufficient to atoorb 
''le chtoiine evolved bj 0.5 gram of pme dioxide of manganesci 



'>btained as a bromi ponder b; digesting red lead with nitric acid and 

water for dilntioii and the dilnte sulph 
* previously tested, to tee they have 
-"e of potassinm solutiou 
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ig analysis will illustraie the composition of a 1 
^mple of Cornish wolfram as brought into the market : — 



Tnngstic acid 

CdiSBLterite .... 

Ferrous oxide , 

HBngEnoas oisidc 

Niobic oxide, uluminri, &c. . 

Bilica 

Copper oxiric 
Zinc oxide. 

Sulphur .... 
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NIOBIO AND TAXTALIC OXIDES. 

Tliese oxides are commonly met with in samples of wolfram and I 
instone, especially niobit. Tliey are probabiy present in 
orni of columbite, a niobate of iron and manganese; and tanta- 
tantaJate of the same metals. 
On boiling with hydrochloric acid they are both liberated, and 
main for the greater part {all the niobic) in the insoluble' 
■Residue with the tungstic acid. On removing the latt«r with 
^iite ammonia they remain as a white insoluble precipitate, very 
jrone to run through the filter on washing. They may be dis- 
ilved in hydrofluoric acid either at once or after fusion with 
ieulphate of potash, and extraction with cold water. To the 
solution in hydrofluoric acid gradually add a boiling solution of 
Acid potassium fluoride {HF,KF.). Potassic Jiuotantalate (soluble 
|^ joo parts of water) separates out first, and afterwai'ds potasaic 
iuoniobate {soluble in 12 parts of water). Tho separated salts- 
Bift€r heating with snlphuric acid and washing out tho potussiumi 
Iphate formed) are ignited with ammonic carbonate, and weiglied 
tantalic oxide (Ta,Oi) and niobic oxide {Nb,Oj) respectively 
They are both white powders. The oside of niobium dissr 
a bead of microcosmio salt gives a bluish colour in the redi 
me. The oxide of tantalum dissolves in the bead, but givi 
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^ves a clear blue colour {roddiah -brown if iron is also present) in 
"the retiucing flame, but is colourless in the oxidising flame. 

Solution and Separation, — The decomposition imd solution 
•of natural tungstatea is ■iifficolt to effect owing to the separation 
«f tungstic add ; the method of treatment is as follows : — Boil 
the iinely-powdered substance with hydrochloric acid or aqua 
regia till it apparently ceases to be attacked; dilute, filter, and 
wash with dilute hydrochloric acid. Cover with dilute ammonia, 
and Alter the solution, which contains ammonic tungstate, into 
an evaporating dish. Ti'eat the residue again with acid, and 
sigftin dissolve out the separated tungstic acid with ammonia, and 
repeat this operation until decomposition is complete. By this 
means there will be obtained — (i) a solution containing tungstate 
■of ammonia ; (a) an insoluble residue with silicates, and oxides of 
tin, niobium, tantalum, &c. ; and {3) an acid solution containing 
the soluble bases. The tungstate of ammonia requires simple 
evaporation on the water-bath and gentle ignition In order to 
<}nuBe the tungstic acid to be left in an almost pure state ; poesiUj 
it may carry a httle silica. 
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The tungstic acid is dissolved, and separated as ammonic tnng- 
etate, andj after evaporation, is gently ignited, the heat being 
incroased towards the end. The residual tungstic acid is fixed, 
fio that when the ammonia has been driven oS it may be strongly 
iieated without loss. It is a dark yellow or brown powder whilst 
hot, which becomes a light yellow on cooUng. If any reduction 
has taken place it will be more or less greenish. It is weighed 
■when cold, and is tho trioxide or " tungstic acid " (WOj), which 
contains 79.31 per cent, of tnngsten. After its weight has been 
taken its purity is checked by fusing with hydric potassic sulphate, 
extracting with water, and treating the residue with ammonic 
carbonate. Any silica present will be left undissolved ; it should 
be separated and weighed, and its weight deducted from that of 
the tungstic acid found. 

Determination of Tungstio Acid in Wolfram. — Taka 
2 grams of the finely-powdered sample and boil with 50 CA 
cf hydrochloric acid for half an hour, adding 5 c.C, of nitrio 
acid towards the end. Allow to stand overnight and txH 
again for 15 or 20 minutes; dilute with an equal volume of 
■water, and filter. Wash with dilute hydrochloric acid, dissoIvB 
in a few c.c. of wariii dilute ammonia, and dilute to 200 c.e. wifli 
distilled water ; allow to settle, and filter. Evaporate in a weighed 
di*i, ig-ijite, and weigh. 
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The foUowiDg analysis will illustrate the composition of a 



sample of Cornish wolfram as brought 

Tnngstic acid 

Cassiterite . 

Ferrous oxide . 

Manganous oxide 

Niobic oxide, alumina, &c. 

Silica . 

Copper oxide 

Zinc oxide . 

Arsenic 

Sulphur • 



nto the market : — 



50.1 
10.9 
24.6 

5.4 

3.5 
1.2 

2.7 ' 

0.22 

0.51 

0.20 

99-33 
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NIOBIC AND TANTALIC OXIDES. 

Tliese oxides are commonly met with in samples of wolfram and 
tinstone, especially niobic. They are probably present in the 
form of columbite, a niobate of iron and manganese; and tanta- 
lite, a tantalate of the same metals. 

On boiling with hydrochloric acid they are both liberated, and 
remain for the greater part (all the niobic) in the insoluble 
residue with the tungstic add. On removing the latter with 
dilute ammonia they remain as a white insoluble precipitate, very 
prone to run through the filter on washing. They may be dis- 
solved in hydrofluoric acid either at once or after fusion with 
bisulphate of potash, and extraction with cold water. To the 
solution in hydrofluoric acid gradually add a boiling solution of 
acid potassium fluoride (HF,KF.). Potassic fluotantalate (soluble 
in 200 parts of water) separates out first, and afterwards potassic 
fluoniobate (soluble in 12 parts of water). The separated salts- 
(after heating with sulphuric acid and washing out the potassium, 
sulphate formed) are ignited with ammonic carbonate, and weighed 
as tantalic oxide {Tafi^} and niobic oxide (Nb^O^) respectively. 

They are both white powders. The oxide of niobium dissolved 
in a bead of microcosmic salt gives a bluish colour in the reducing 
flame. The oxide of tantalum dissolves in the bead, but gives no 
colour. 
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Manganese occurs mainly as black oxide (MnO,) in the mineral 
pyroluaite ; and, in a less pure form, in psilomelane and wad. 
The value of the ore depends rather on the percentage of aTail- 
able oxygen than on the proportion of metal present. The results 
of assays are generally reported as bo much per cent, of the dioiide 
(MeOJ. In smaller quantities it is veiy widely distributor. 
Manganese itself has a value for steel-making ; or, rather, for the 
making of spiegeleisen and ferro-manganese, which are used in 
the Bessemer and Siemens processes. For this purpose the per- 
centage of the metal (Mn) is required. Consequently the minerals 
of manganese maybe considered in two aspects — (j) as a source 
of oxygen ; and (s) as a source of manganese. These wiUrequiie 
sepai'ate consideration. 

The black oxide is mainly used in the preparation of chlonDet 
liberation of which it brings about when treated with hot hydro- 
chloric acid, or with a mixture of common salt and sulpborio 
acid. The quantity of chlorine which is obtained depends apoD 
the proportion of dioxide present ;* and in assaying may either 
be measured by ita equivalent of iodine liberated, or by Ha 
oxidising effect on an acid solution of ferrous sulphate. When 
the ove also carries substances which have a reducing effect 
(such as ferrous compounds), such assays will give, not the total 
dioxide (MnO^), but less, by the amount required to oxidise thea 
impurities ; and this is exactly what is required in valuing such 
an ore for commercial purposes. Manganese compounds are 
characterised by the readiness with which they may be con- 
verted into highly-oxidised bodies. Solution of manganese in 
hydrochloric acid, rendered alkaline with ammonia, yields a deir 
soIution,t which rapidly takes up oxygen from the air, fomung 
a brown precipitate of the oxide (Mn^Oj). The addition a 
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bromine or chlorine to such a solution determines the precipi- 
tation of a still higher oxide (approximately MnO,). On treating 
a compound containing manganese with nitric acid and dioxide 
of lead (PbOj), the oxidation is carried still further, a purple- 
coloured solution of permanganic acid (HMnO^ or lIfi,M.n20j) 
being formed. On fusing minerals containing (even traces of) 
manganese with sodium carbonate in an open crucible, a green 
*' melt " is obtained which owes its colour to sodium manganate 
(NajMnO^ or NajO.MnOg). This salt is soluble in water, forming 
a green solution; which, when rendered acid, rapidly changes 
into the permanganate with the characteristic purple colour. 
Permanganate of potash is a salt much used in assaying, with 
some properties of which the student will have already become 
familiar. 

Compounds of manganese, on boiling with strong hydrochloric 
acid, yield manganous chloride * (MnCy. 

The properties given above serve for the detection of manga- 
nese ; the higher oxides are distinguished by causing the evolution 
of chlorine (with its peculiarly suffocating smell) when acted on 
with hydrochloric acid; while the green "melt," with sodium 
carbonate, can be relied on for the recognition of manganese 
itself. There is no dry assay of manganese ores. 

WET METHODS. 

Strong hydrochloric acid is the best solvent for ores of man- 
ganese ; but where the proportion of dioxide (MnOg) is required, 
the solution is effected during the assay. The ore should be in 
a very fine state of division before treatment with acids. 

The separation of manganese from other metals is thus effected : 
Ignite, in order to destroy any organic matter which may be 
present ; dissolve in hydrochloric acid, and evaporate to dryness, 
to separate silica. Take up with hydrochloric acid, dilute, pass 
sulphuretted hydrogen, and filter. Boil off the excess of gas, 
peroiddise the iron with a drop or two of nitric acid, and separate 
the iron as basic acetate (as described under Iron). If If the iron 
precipitate is bulky, it is dissolved in a little hydrochloric acid, 
reprecipitated, and the filtrate added to the original one. Neu- 
tralise with soda, and add bromine in excess ; heat gradually 
to boiling, allow to settle, and filter. The precipitate is impure 
dioxide of manganese (containing alkalies and, possibly, cobalt 
or nickel). 

♦ With some silicates, &c., a preliminary fusion with sodium carbonate 
will be necessary, 
t Instead of sodium acetate, ammonium succinate can be used. 
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effects this: A 

^f ^ ""f* ^»n .25 gnmu of 

H hjAiaUiii aeul in a pint beaker, 

rf a^ric aod ne added to perosjdise 

aMed if K^aiRd, so that there 

ift a£^% red; ud next the rednea i« 
» aii£ti(Mi of wad ; 30 c^. of zinc chloride 

, per litre) are added, tie 

liquid IB lBsa^iab)d and dOnted to aboBt 300 cc. with boiling 
water; 60 ex. o( a sohiian of Weadiing powder (33 grama to the 
litre and Ghexcd), ratdned sli^tlj' greenish by acid, are then ran 
in and aie fdlcnred I7 3 gianiB of calcium carbonate suspended 
in 15 cc rf boiling water. During effervescence the beaker is 
covered, the precipitate is stirred, and 2 cc. of methylated apirit 
are mixed in. The preripitate is collected on a large filta, 
washed with cold water, and then with hot, till free from chlorine, 
which 13 tested for with starch and potassium iodide. The adi 
ferrous sulphate solution (presently described) is then measured 
into the beaker, and the precipitate, still in the paper, added; 
more acid is added (if necessary), and the solution is diluted and 
jtitrated. In place of bleaching powder solution, 90 cc. rf 
■Tftranine water (containing 22 grama per litre) may he used. 
• Jtrnm. Soc. CItciii. ladvetry, toL i. p, 333. 
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PEEROUS SULPHATE ASSAY. 

This method, which is the one commonly used, is based on the 
determination of the amount of ferrous iron oxidised by a known 
weight of the ore. It is known that 87 parts of the dioxide will 
oxidise 112 parts of ferrous iron ; * therefore i gram will oxidise 
1.287 gram of ferrous iron, or i gram of ferrous iron oxidised will 
be equivalent to 0.7768 gram of the dioxide. The finely-divided 
substance containing the dioxide is digested in a solution of a 
known quantity of iron in sulphuric acid. The iron, of course, 
must be in excess, which excess is determined when the ore is 
dissolved by titrating with standard permanganate or bichromate 
of potash solution. The assay resolves itself into one for the 
determination of ferrous iron, for which the standard solutions 
and method of working described under Iron are used. 

The assay is as follows : — For rich ores, 2 grams of clean soft 
iron wire are treated, in a pint flask, with 100 c.c. of dilute 
sulphuric acid and warmed till dissolved. Carefully sample the ore, 
and in one portion determine the " moisture at 100** C. ;" grind 
the rest in a Wedgwood mortar with a little pure alcohol until 
free from grit. This reduces the substance to a finely-divided 
state and assists solution. Evaporate off the alcohol and dry at 
100" C, mix well, and keep in a weighing-bottle. Weigh up 
2 grams and add them to the solution of iron in the flask ; carefully 
wash it all down into the acid liquid. On rotating the flask the 
ore will rapidly dissolve, but gentle heat may be used towards 
the end to complete the solution. When the residue is clean and 
sandy-looking, and free from black particles, the flask is cooled, 
and the residual ferrous iron is determined by titration with " per- 
manganate." The iron thus found, deducted from the 2 grams 
taken, will give the amount of iron peroxidised by the dioxide 
contained in the 2 grams of ore. This divided by 2 and 
multiplied by 77.68 will give the percentage of dioxide in the 
tiample, or multiplied by 49.41 will give that of metallic manganese. 

When the quantity of manganese or of the dioxide to be deter- 
mined is small, it is not necessary to use 2 grams of iron ; i gram, 
or even less, may be taken. The iron may be used in the form of 
a standard solution of ferrous sulphate and portions measured off, 
thus saving the labour of weighing. 

♦ MnOa+ 2FeS04+ 2H,S0^= Fe.,(SOJ, + MnSO^ + 2HjO. 




coold not be tita 



In the appticntioo of this titration to the assay of mangmiew 
ores, hydrochloric and hyUiiodic acids are the only ones likely to 
be present. 

SfE^ot of Alkalies. — On theoretic.il grounds the presence rf 
thesp is known to be inadmissible. A solution rendered faintlj 
■mntline with ammonia i-ei^uired only 11.2 c,c. of "Lypo;" and 
another, with 0.5 gram of caustic soda, required 4.0 c.c insleail 
'^ >o.4 <■,»■■, as ill neutral solutions, 

~dtoct of nearly Ifoutralising Hydrochloric Acid Sola- J 
( with Ammonia. — Provided care is taken not to add f 
• loiiinc probablj losl by Tolaliliaation. 
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excess of ammonia, this has a good effect, counteracting the inter- 
ference of excess of acid. Thus 20 c.c. of iodine (as before) 
required 20.4 c.c. of "hypo;" with 15 c.c. of hydrochloric acid 
20.7 c.c. were required, but with 15 c.c. of acid, nearly neutral- 
ised with dilute ammonia 20.4 c.c. were used. 

Effect of the Addition of Starch. — The addition of varpng 
quantities of starch has no effect, provided it is added when the 
titration is nearly finished, as the following experiments show : — 

Starch added . i.o c.c. 5.0 c.c. lo.o c.c. 50.0 c.c. 
" Hypo " required 20.4 „ 20.4 „ 20.4 „ 20.5 „ 

But if the starch is added before the titration, the results are 
liable to error. 

Starch added • • i.o c.c. 50.0 c.c. 

" Hypo " required • 20.4 „ 24.0 „ 

The starch should be used fresh, and is best made on the day it 
is used ; after four days the finishing point is not so good. 

EfTect of Varying Potassium Iodide. — An excess of iodide 
is always required to keep the iodine in solution ; a larger excess 
has little effect. 

Iodide added . • — i gram 20 grams 

" Hypo '* required . 20.4 c.c. 20.5 c.c. 20.6 c.c. 

The 20 c.c. of iodine used, itself contained 0.5 gram of potassium 
iodide. 

Effect of Foreign Salts. — 

Bicarbonate of soda 

added ... — 0.5 gram 1.5 gram 5.0 grams 

•• Hypo " required . 20.4 c.c. 18.2 c.c. 17. i c.c. 16.0 c.c. 

The solution obviously must be free from bicarbonate of soda. 
This should be remembered, since when titrating arsenic assays 
with iodine it must be present; and students must avoid con- 
founding the two titrations. 

In some other experiments, in which 10 grams each of the salts 
were ta.ken, the following results were obtained : — 

Salt added . . — AmCl AmNO, Am^SO^ 

" Hypo " required . 20.4 c.c. 20.50.0. 20.30.0. 20.20.0. 

Salt added . . NaCl NaNO, Na^SO^ 
" Hypo " required . 20.3 c.c. 204 c.c. 204" c.c. 

EfTect of Varying Iodine. — 



Iodine added . 1.0 c.c. lo.o c.c. 20.00,0. 50.0 c.c. loo.o c.c. 
" Hypo " required 1.3 „ 10.2 „ 20.4 „ 51.0 „ 102.0 „ 

Determination of Dioxide in a Manganese Ore. — Weigh 
up 0.25 to 0.3 gram of the powdered ore; place in a flask, cover 



I 



TEXT-BOOK OF ASSAilNQ. 

dhim salt, and 0.377 <^f ^^^ corresponding ciesiuiD compaiinl 
The separation of lithium, caisiiiin, and rubidium is seldom caM 
- for, oiving to their rarity. The detailii of the separation of potas- 
sium from sodium ore described nnder Potasgium. Ammoui 
compounds ore sharply marked off from the rest by their vola- 
tility, and it is always assumed that they have been removed hj 
ignition ; if left in the solution, they -would count as potassium 
compounds. They will be considered under A^ 



SODIUM. 
Sodium is the commonest of the alkali metals. It is found ii 



salt" (NaO). 



s carbonate in 



nature chiefly combined with chlorine 
This Duneral is the source from which the 
sodium in use are prepared. Sodium 
niti-ftt© (NaNOj) in Chili saltpetre, and 
minerals, such as albit« (or soda-felspar). 

It occurs as fluoride in cryolite (NajAlFj), and b 
natron, Ac Sulphates ai« also found. Sodium 
diffiised, few substuices being fre« from it. 

The detection of sodium is easy and certain, owing to tbe 
strong yellow colour its salts impart to the dame ; this, when 
viewed by the spectroscope, shows a single yellow line.* The 
extivme delicacy of this test limits its value, because of the wide 
dilTosion of .'iodium salts. It is more satisfactory to separate tbe 
chloride, which may be recognised by its taste, flame coloration, 
fu^bility, and negative action with reagents. The chloride dis- 
solved in a few drops of water gives with potassium metantiiiio- 
niale, a white precipitate of tlie corresponding sodium salL 

Sodium salts are dissolved out from most compounds on treats 
meut with water or dilute acids. Inscdable silicates are decom- 
posed and the alkali rendered soluble In* lAwrence Smith's 
method, which has jost been described. The separation of tbe 
sodium from the mixed chlorides is effected in tlie following 
wa^v :— "file <Jilor>des are dissolved in a little water and the potas- 
sium st'>>arAte<d as platino-chkaide. Tlie soluble sodium platino- 
eUwide, with the m^s of pbtiniim, is boiled, mixed with nil- 
pkano add, evaporated to dtynees, aiti ignited. On extractan; 
witk water, filtmn^ vwafonlsag, and ignitii^ sodiom salfdwie 
it bft, and ia vttjgfaed «s mA. 

It B mora v^ai, aod quite as ead^ctory, to calculate Ae 
vcighl of lh« sodiiuB chloride h^ difierenoe boat that ot tit* 
mixed rhk>nd««, by sabtrmeHaf t^at of the potasanai dkxid^ 

• RrmJwd intii Mw with a powtrfal 
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4. What weight of iron must be dissolved up so as to have an excess of 

0.25 gram after oxidation by i gram of pure dioxide ? 

5. What weight of the brown oxide, Mn,0^ will be left on igniting 

I gram of the pure dioxide 7 



CHROMIUM. 

Chromium occurs in nature chiefly as chromite or chrome iron 
ore (FeOjCrjOj, with more or less MgO and AljOg), which is the 
chief ore. It is a constituent of some silicates, and is frequently 
met with in very small quantities in iron ores. It occurs as 
chromate in crocoisite (PbCrO^), and some other rare minerals. 

The metal is used in steel-making. Steel containing about 0.5 
per cent, of it is rendered very hard ; but its chief value is in its 
salts, the chromates. These are highly-coloured compounds, gene- 
rally red or yellow. Some of the insoluble chromates are used as 
pigments ; chromate of lead or chrome-yellow is the most impor- 
tant. The soluble chromates, those of soda and potash, are valu- 
able chemicals, and are largely used in the preparation of pig- 
ments, dyeing and tanning, and as oxidising agents. 

Chromium forms two important classes of compounds — chromic 
salts, corresponding to the oxide Cr,Oj, and chromates, which 
contain the trioxide CrO,. Solutions of chromic salts are green, 
v/hilst those of the chromates are yellow. Chromates are reduced 
to chromic salts by the action of most reducing agents in the pre- 
sence of an acid ; and this property is used in assaying for the 
volumetric determination of feiTous iron, &c. The chromates in 
solution are more stable than other similar oxidising agents, and 
consequently are generally used in the laboratory as one of the 
standard oxidising agents for volumetric analysis. They have the 
disadvantage of requiring an outside indicator. Bichromate of 
potash (K,Cr,Oy) is the salt generally used for this purpose. 

Chromic salts are oxidised to chromate by fusion with " fusion 
mixture " and nitre, or by treating with chlorine in an alkaline 
solution. 

Chromic salts closely resemble those of ferric iron, and in the 
ordinary course of analysis chromic hydrate (green) is precipitated 
together with ferric hydrate, alumina, &c., on the addition of 
ammonic chloride and ammonia. The ignited oxide, Crfi^, 
however, is not reduced on heating to redness in a current of 
hydrogen. 

Detection.— Chromium is detected by fusing the powdered 
substance with " fusion mixture " and nitre. The melt is ex- 
tracted with water and filtered. The filtrate is acidified with 
acetic acid, and treated with a few drops of a solution of lead 
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Of tbese,i»UBlME9, t, x,3,*Bd ixtmU the chroniiani it 
soluble in dSnto witb, w cii*tiWM! nit. The rest in 
w^uble in vater, as potasshim w eodian chromate. 

On boilii^ an insolnUa cfa^oaihiiB cDBapooDd with calomte of 
potash and tutric arid, tlw dmniiim passes into solution as rfaro- 
mate. This method, however, does not ansirer for chrome iron ore. 
In the fusion meibods the < xe most be Terr finely powdered, n-ell 
mixed with the fluses, and subjected to a prolonged fiisioi 
pLotinnm vessel at a high temf«ratnre. r'nderompo-«d particlM 
require re-fiision. 

The aqueous extract contaimng the chromate is ready f« 
volntnetiic work, exfvpt in those cases where nitre has been used. 
For gravimetric work the solution is ariditied with hydiwihlorir 
ncid, then mixed with ammonia in slight excess, boiled, ant) 
filtered. The filtrate is acidified with hydrochloric acid, iuid 
treated with sulphuretted hydrcgen, warmed, rendered slightly 
alkaline with ammoniii, and the gas again pa^.^. The chi-oRiiam 
i)f precipitnt«d as chromic hj'drate mixed with sulphur ftoui tlw 
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reduction with sulphuretted hydrogen. It is filtered off, washed" 
with hot water, and ignited. It is weighed as chromic oxide. 

GRAVIMETRIC DETERMINATION. 

The solution containing the chromium, freed from other metals- 
and earths and in the form of (green) chromic salt, is heated to- 
boiling. If any chromate is present reduce it with sodium sul- 
phite or sulphuretted hydrogen. Add ammonia in slight excess,, 
boil till the liquid is free from a red tint, and allow to settle for 
a few minutes. Filter, wash with hot water, dry, and ignite- 
strongly in a loosely-covered crucible. Cool, and weigh. The- 
substance is chromic oxide, CrjOg, and contains 68.62 per cent, of 
chromium. It is a dark-green powder insoluble in acids. 

^Yhen, as is generally the case, the chromium exists altogether 
as chromate (phosphates and arsenates being absent) it is best to- 
proceed as follows : — Render the solution acid with acetic acid, 
then add sodium acetate to the solution and heat nearly to boil- 
ing; next treat with a slight excess of acetate of lead, and boil. 
Allow to settle, and filter. Wash the precipitate with hot water,, 
dry in the water-oven or at a low temperature. Transfer the- 
precipitate to a weighed Berlin crucible, burn the filter sepai*ately,. 
ignite below redness, cool in the desiccator, and weigh. The sub- 
stance is lead chromate, PbCrO^, and contains 16.1 per cent, of 
chromium, or 23.53 per cent, of chromic oxide (Cr fi^), 

VOLUMETRIC METHOD. 

This is based on the oxidation of ferrous iron by the solution 
containing the chromium as chromate. A known weight of iror> 
(0.5, I, or 1.5 gram, according to the quantity of chromate) is- 
dissolved in 50 c.c. of dilute sulphuric acid. The solution con-- 
taining the chromate is added, and the remaining ferrous iron 
titiated with the permanganate or bichromate of potassium solu- 
tion, as described under Iro7i. The iron thus found is deducterl 
from that taken, and the difference gives the iron oxidised by the 
chromate. This multiplied by 0.3 10 1 gives the chromium, Cr ; 
and when multiplied by 0.4529 gives the chromic oxide, Cr^Oj. 

COLORIMETRIO METHOD. 

Small quantities of chromium may be determined, after con- 
version into chromate, eolorimetrically. The solution, which 
should not contain more than a few milligrams in 100 cc, is 
acidified with acetic acid and compared against an equal vohiuie 
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GEAVIMETHIC DE TERM I NATION. 



DiBsolvB the precipitate in hydrochloric acid, and boil ; add a 
slight excess of carbonate of soda, warm, and filler. Wnsh with 
hot water, dry, carefully ignite in an opnn Berlin crucible, and 
weigh. The substance is the brown oxide (MnjO,), and contain* 
72.05 per cent, of manganese. If the percentage of dioxide is 
required it may be calculated hy multiplying the percentage 0! 
manganese by 1.582. It must be home in mind that the man- 
ganese should never be calculated to dioxide except when it in 
Imown to exist in the ore only in that form. 



VOLUMETRIC METHODS. 

The two methods ave baaed on the oxidi=ing effect of manganese 
dioxide; and if the metal does not already exist in this form 
it will require a prelimintiry ti-ejitment to convert it. The 
following method due to Mr, J. Pattinson • effects this : A 
quantity of the ore containing not moi'e than .25 grams of 
the metal (Mn), is dissolved in hydrochloric acid in a pint beaker, 
and, if necessary, 3 or 4 c.c. of nitric a^id are added to pieroxidise 
the iron, and ferric chloride is added if required, so that there 
may be at least as much iron as manganese. Calcium carbonate is 
added till the solution is slightly red ; and next the redness io 
removed by the cautions addition of acid ; 30 c.c. of zinc chloride 
solution (containing 15 grams of zinc per litre) are added, the 
liquid is brought to boil and diluted to about 300 c.c. with boiling 
water ; 60 c.c. of a solution of bleaching powder (33 grams to tint 
litre and filtered), rendered slightly greenish by acid, are then run 
in and are followed by 3 grams of calcium carbonate aus^nded 
in 15 c.c. of boiling water. During efl'ervescence the beaker » 
covered, the precipitate is stirred, and 2 c.c. of methylated Hpirit 
are mixed in. The precipitate is collected on a large filter, 
washed with cold water, and then with hot, till free from chlorine, 
which is tested for with starch and potissium iodide. The acid 
ferrous sulphate solution (presently described) is then measured 
into the beaker, and the precipitate, still in the paper, added; 
more acid is added (if necessary), and the solution is diluted and 
titrated. In place of bleaching powder solution, 90 c.c. if 
bromine wat«r (containing 22 grfims per litre) may be used. 

" JouTJt. Soc. Clteni. Industry, vol. x. p. 333. 
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FERROUS SULPHATE ASSAY, 

This method, which is the one commonly used, is based on the 
determination of the amount of ferrous iron oxidised by a known 
weight of the ore. It is known that 87 parts of the dioxide will 
oxidise 112 parts of ferrous iron ; * therefore i gram will oxidise 
1.287 gram of ferrous iron, or i gram of ferrous iron oxidised will 
be equivalent to 0.7768 gram of the dioidde. The finely-divided 
substance containing the dioxide is digested in a solution of a 
known quantity of iron in sulphuric acid. The iron, of course, 
must be in excess, which excess is detoraiined when the ore is 
dissolved by titrating with standard permanganate or bichromate 
of potash solution. The assay resolves itself into one for the 
-determination of ferrous iron, for which the standard solutions 
and method of working described under Iron are used. 

The assay is as follows : — For rich ores, 2 grams of clean soft 
iron wire are treated, in a pint flask, with 100 c.c. of dilute 
sulphuric acid and warmed till dissolved. Carefully sample the ore, 
and in one portion determine the " moisture at 100° C. ;" grind 
the rest in a Wedgwood mortar with a little pure alcohol until 
free from grit. This reduces the substance to a finely-divided 
state and assists solution. Evaporate off the alcohol and dry at 
100° C, mix well, and keep in a weighing-bottle. Weigh up 
2 grams and add them to the solution of iron in the flask ; carefully 
wash it all down into the acid liquid. On rotating the flask the 
ore will rapidly dissolve, but gentle heat may be used towards 
the end to complete the solution. When the residue is clean and 
sandy-looking, and free from black particles, the flask is cooled, 
and the residual ferrous iron is determined by titration with " per- 
manganate." The iron thus found, deducted from the 2 grams 
taken, will give the amount of iron peroxidised by the dioxide 
contained in the 2 grams of ore. This divided by 2 and 
multiplied by 77.68 will give the percentage of dioxide in the 
sample, or multiplied by 49.41 will give that of metallic manganese. 

When the quantity of manganese or of the dioxide to be deter- 
mined is small, it is not necessary to use 2 grams of iron ; i gram, 
or even less, may be taken. The iron may be used in the form of 
a standard solution of ferrous sulphate and portions measured off, 
thus saving the labour of weighing. 

♦ MnOj + 2FeS0^ + 2HaS0^= Fe,(SO J, + MnSO^ + 2Bfi. 

s 
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GBAVIMETEIC DETEBMIHATIOH". 

Dissolve the precipilate in hydrochloric iicid, and boil; 
slight excess of carbonate of soda, warm, and filter, Wneh with 
hot water, drj-, carefully ignite in an opfii Berlin crucible, taii 
weigh. The Hubstance is the brown oxide (Mn,0,), and contains 
72.05 per cent, of manganese. If the percentage of dioxide i* 
required it may be calculated by multiplying the percentage of 
manganese by 1.581. It must be borne in mind that the man- 
giinese should never be calculated to dioxide except when it ia 
known to exist in the ore only in that form. 



VOLUMETRIC METHODS. 

The two methods are based on the oxidising effect of n 
dioxide ; and if the metal does not already exist in this fom 
it will require a pieliminary treatment to convert it. The 
following method due to Mr. J. Pattinson* effects this: A 
quantity of the ore containing not moi'e than .25 gmma of 
the metal (Mn), is dissolved in hydrochloric acid in a pint beaker, 
and, if necessary, 3 or 4 c.c. of nitric acid are added to peroxidiee 
the iron, and ferric chloride is added if required, so that there 
may be at least as much iron as manganese. Calcium carbouate s 
added till the solution is slightly red ; and next the redness i« 
removed by the cautious addition of acid ; 30 c.c. of zinc chlorids 
Bolution (containing 15 grams of zinc per litre) are added, tho 
liquid is brought to boil and diluted to about 300 c.c. with boiling 
wat«r ; 60 c.c. of a solution of bleaching powder {33 grams to the 
litre and filtered), rendered slightly greenish by acid, are then run 
in and are followed by 3 grams of calcium carbonate suspended 
in 15 c.c. of boiling water. During efl'erveBcence the beaker i.» 
covered, the precipitate is stirred, and 2 c.c. of methylated spirit 
are mixed in. The precipitate is collected on a large filtar, 
washed with cold water, and then with hot, till free from chlorine, 
which is tested for with starch and potassium iodide. The acid 
ferrous sulphate solution (presently described) is then measured 
into the beaker, and the precipitate, still in the paper, nddod; 
m.ore acid is added (if necessary), and the solution is diluted and 
titrated. In place of bleaching powder solution, go c.c. of 
bromine wat«r (containing 22 grams per litre) may he used. 
Joum. Soc. Ckeni. Industry, vol. i. p. 333. 
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FERROUS SULPHATE ASSAY, 

This method, which is the one commonly used, is based on the 
determination of the amount of ferrous iron oxidised by a known 
weight of the ore. It is known that 87 parts of the dioxide will 
oxidise 112 parts of ferrous iron ; * therefore i gram will oxidise 
1.287 gram of ferrous iron, or i gram of ferrous iron oxidised will 
be equivalent to 0.7768 gram of the dioxide. The finely-divided 
f^ubstance containing the dioxide is digested in a solution of a 
known quantity of iron in sulphuric acid. The iron, of course, 
must be in excess, which excess is detoraiined when the ore is 
dissolved by titrating with standard permanganate or bichromate 
of potash solution. The assay resolves itself into one for the 
determination of ferrous iron, for which the standard solutions 
and method of working described under Iron are used. 

The assay is as follows : — For rich ores, 2 grams of clean soft 
iron wire are treated, in a pint flask, with 100 c.c. of dilute 
sulphuric acid and warmed till dissolved. Carefully sample the ore, 
and in one portion determine the " moisture at 100° C. ;" grind 
the rest in a Wedgwood mortar with a little pure alcohol until 
free from grit. This reduces the substance to a finely-divided 
state and assists solution. Evaporate off the alcohol and dry at 
100° C, mix well, and keep in a weighing-bottle. Weigh up 
2 grams and add them to the solution of iron in the flask ; carefully 
wash it all down into the acid liquid. On rotating the flask the 
ore will rapidly dissolve, but gentle heat may be used towards 
the end to complete the solution. When the residue is clean and 
sandy-looking, and free from black particles, the flask is cooled, 
and the residual ferrous iron is determined by titration with " per- 
manganate." The iron thus found, deducted from the 2 grams 
taken, will give the amount of iron peroxidised by the dioxide 
contained in the 2 grams of ore. This divided by 2 and 
multiplied by 77.68 will give the percentage of dioxide in the 
sample, or multiplied by 49.41 will give that of metallic manganese. 

When the quantity of manganese or of the dioxide to be deter- 
mined is small, it is not necessary to use 2 grams of iron ; i gram, 
or even less, may be taken. The iron may be used in the form of 
a standard solution of ferrous sulphate and portions measured oflf, 
thus saving the labour of weighing. 

♦ Mn0a+2reS0^+ 2HjS0^=Fe,(S0J,+ MnSO^+ 2HjO. 

s 
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GRAVIMETRIC DETERMINATION. 

The contents of the flaak are transferred to a, 
dish, ajid evaporated on the water-bath. It i 
weight is constant. The chloride of u 

white moss which, after cooling in a desiccator, is weighed. It 
contains 33-72 per cent, of ammonium (NH^), or 31.85 per cent, 
of ammonia (NH,). On heating over the Buosen burner it is 
completely volatU^ed, leaving no residue. 

VOLUKBTBIC DETERMINATION. 

Weigh up 1,7 gram of the substance and place it in the flasL 
Measure off 50 c.c. of the normal solution of acid, place them m 
the receiver, and dilute with an equal volume of water. Bun in 
through the pipette (by opening the clip) 20 C.C. of a strong 
solution of soda, boil until the ammoi ' ' 
then aspirate a current of air through the apparatus. Disconnect 
the receiver, and tint its contents with methyl orange. Titmte 
the residual acid with a semi-normal solution of alkali. Divide 
the c.c. of the "alkali" solution used by 2, and deduct from 
the 50 c.c. The difference will give the number of c.c. of tte 
normal acid solution neutralised by the ammonia distilled om. 
Each cc. of "acid" so neutralised, represents i per cent, ot 
ammonia in the sample. If the results are to be reported M 
ammonium, i.S gram of the sample is taken instead of 1.7 gram. 

COLORIMETBIC DETERMINATION. 

This is effected by means of " Newler's" reagent, which stiikesa 
brown colour with traces of ammonia, even with a few hundredthB 
of a milligram in loo c.c. of liquid. With larger quantities of 
ammonia the reagent gives a precipitate. This reagent is a strongly 
alkaline solution of potassic mercuric iodide ; and is thus made :— 

Neaaler's solrUion : Dissolve 17 grams of mercuric chloride ii 
300 c.c. of water ; and add the solution to one of 35 gra^s of 
potassium iodide in 100 c.c. of water until a permanent precipitate 
IS produced. Both solutions must be cold. Then make up to a 
litre by adding a 20 per cent, solution of potash. Add more ot 
the mercuric chloride (a little at a time) until a permanent pre- 
cipitate is again formed. Allow to settle, decant, and use the 
clear liquor. Four or five cc. are used for each 100 c.c. of liquid tu 
be tested. 

A Standard Solution of Afmnonia is made by dissolving 0.315 
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tion to rush back into the flask. This tendency is overcome by 
avoiding draughts and regulating the heat ; or by placing a lump 
of magnesite in the flask, which acts by evolving carbonic acid and 
so producing a steady outward pressure. When the distillation is 
finished the tube containing the iodine is detached and washed 
out into a beaker. If the solution is strongly acid it should be 
almost neutralised by the cautious addition of dilute ammonia. 
If crystals of iodine have separated, potassium iodide must be 
added in quantity sufficient to dissolve them. The condenser 
must be kept cool whilst the chlorine is passing into it. 

The solution, transferred to a beaker, is titrated with a standard 
Bolution of sodic hyposulphite (100 c.c. = 1.27 gram iodine or 
0.435 gram of dioxide of manganese). In titrating, the solu- 
tion should be cold, or not warmer than 30" C. The bulk 
may vary from 100 to 200 c.c; but it is best always to work 
with the same volume. The " hypo " is run in with constant 
agitation until the brown colour has been reduced to a light 
yellow ; 5 c.c. of starch solution are then added and the titration 
cautiously continued until the end is reached ; the finish is indi- 
cated by a change from blue to colourless. 

The assay solution may be acidified with acetic, sulphuric, 
or hydrochloric acid before titrating with "hypo;" but it 
must be only faintly so. An excess of acid may be nearly 
neutralised with ammonia without interference, but excess of 
alkali is fatal. Bicarbonate of soda must not be used in excess ; 
it is best to avoid it altogether. The assay solution should be 
titrated at once, as it weakens on standing ; and the " hypo " 
solution should be standardised every two or three days, as its 
strength is not constant. 

The atomdard solution of hyposulphite of soda is made by dis- 
solving 25 grams of the salt (NagSjO^.sHjO) in water and diluting 
to I litre. 100 c.c. are equivalent to 1.27 gram of iodine. 

This solution is standardised by weighing, in a small beaker, 
about half a gram of iodine, to which is added a crystal or two of 
potassium iodide and a few drops of water. When dissolved, the 
solution is diluted to 100 c.c, and titrated in the manner 
described. The starch solution is made in the manner described 
"Under the iodide copper assay. 5 c.c. are used for each titration. 

In determining the effects of variations in the condition of the 

^say a solution of iodine was used, which was equivalent in 

strength to the " hypo " solution. It was made by dissolving 

J 2. 7 grams of iodine with 25 grams of potassium iodide in a little 

^ater and diluting to i litre. 100 c.c. of this solution were 

^ound (at the time of the experiments) to be equivalent to 102.0 c.c 

of the " hypo." . 



PART HI .— NON-METAXjS. 



CHAPTER XV. 
OZTGEN AND OZID!^.— THS HAliOGEirS. 

OXYGEN. 

OxYGEK occurs in nature in the free state, forming 23 per cent by 
weight, or 2 1 per cent, by volume of the atmosphere ; but, since il 
ia& gas, ite presence is easily overlooked and iteimportanceimder- 
estimated, Ezcept in the examination of fumace-gnses, ic, the 
assayer is not often called upon to determine its qnantity, but it 
forms one of his meet useful reagents, and there are many cues 
where he cannot afford to disregard ite presence. It ocean Dot 
only in the air, but also dissolved in water ; ordinary wateis eon- 



per I 



a average 0.00085 P^ cent, h^ weight, or 0.85 psrtt 

Cbendcally, it is characterised by its power of combining, ape- 
■cially at high temperatures, with the other elements, forming all 
important dass of compounds called oxides. This comhin^ioii, 
when rapid, b accompanied by the evolution of light and but; 
hence oxygen is generally called the supporter of comboetioiL 
This property is taken advantage of in the operation of caldiuDg, 
scorifying, cupelling, &c. The importance of a five acce^ of *if 
in all such work is seen when it is remembered that i htre of «[ 
contains 0.2975 grata of oxygen, and this quantity will only 
oxidise 0.1115 gi"*™ of carton, 0.2975 gr^Jn of sulphur, or 3-849 
£rams of lead. 

Oxidation takes place at the ordinary temperature witli mnny 
substances. E^^amples of such action are seen in the weatheiing 
of pyrites, rusting of iron, and (in the assay office) the weakening 
of solutions of many reducing agents. 

For methods of determining the percentage of oxygen in gBSM, 
for technical purposes, the student is referred to "Winkler k 
Lunge's '' Technical Gas Analysis." 
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excess of ammonia, this has a good effect, counteracting the inter- 
ference of excess of acid. Thus 20 c.c. of iodine (as before) 
required 20.4 c.c. of "hypo;'' with 15 c.c. of hydrochloric acid 
20.7 c.c. were required, but with 15 c.c. of acid, nearly neutral- 
ised with dilute ammonia 20.4 c.c. were used. 

Effect of the Addition of Starch. — The addition of varying 
quantities of starch has no effect, provided it is added when the 
titration is nearly finished, as the following experiments show : — 

Starch added . i.o c.c. 5.0 c.c. lo.o c.c. 50.0 c.c. 
" Hypo " required 20.4 „ 20.4 „ 20.4 „ 20.5 „ 

But if the starch is added before the titration, the results are 
liable to error. 

Starch added • • i.o c.c. 50.0 c.c. 

" Hypo " required • 20.4 „ 24.0 „ 

The starch should be used fresh, and is best made on the day it 
is used ; after four days the finishing point is not so good. 

Effect of Varying Fotassinm Iodide. — An excess of iodide 
is always required to keep the iodine in solution ; a larger excess 
has little effect. 

Iodide added . • — i gram 20 grams 

" Hypo '* required . 20.4 c.c. 20.5 c.c. 20.6 c.c. 

The 20 c.c. of iodine used, itself contained 0.5 gram of potassium 
iodide. 

Effect of Foreign Salts. — 

Bicarbonate of soda 

added ... — 0.5 gram 1.5 gram 5.0 grams 

" Hypo " required . 20.4 c.c. 18.2 c.c. 17. i c.c. 16.0 c.c. 

The solution obviously must be free from bicarbonate of soda. 
This should bo remembered, since when titrating arsenic assays 
with iodine it must be present ; and students must avoid con- 
founding the two titrations. 

In some other experiments, in which 10 grams each of the salts 
were taken, the following results were obtained : — 

Salt added . . — AmCl AmNO, Am^SO^ 

" Hypo " required . 20.4 c.c. 20.50.0. 20.30.0. 20.2 c.c. 

Salt added . . NaCl NaNO, Na,SO^ 
" Hypo " required . 20.3 c.c. 20.4 c.c. 20.4 c.c. 

Effect of Varying Iodine. — 

Iodine added . 1.0 c.c. lo.o c.c. 20.0 c.c. 50.0 c.c. loo.o c.c. 
" Hypo " required 1.3 „ 10.2 „ 20.4 „ 51.0 „ 102.0 „ 

Determination of Dioxide in a Manganese Ore. — Weigh 
up 0.25 to 0.3 gram of the powdered ore; place in a flask, cover 
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with 10 cc. of hydrochloric acid, and close the flask with a panf' 
fined cork, and bulbs (as shown in fig. 6o), hitving previo;iBl7 
charged the bulb with 5 granis of potassium iodide in strong Boin- 
tion. Hoat the flaek, and boil cautiously for about fifteen 
minutes. Wash the contents of the bulba into a large beaker, 
nearly (but not quite) neutralise with dilute ammonia, and titrata 
with the standard " hypo." 

Aa an example, 0.2675 gr-ini of pyrolusite was taken, and in- 
quired 60.3 CO. oE standard "hypo " (looc.c. equal r. 185 gram 
iodine, or 0.4042 gram MnO,), which equals 0.2437 gram of the 
dioxide or 91. i per cent. 

COLORIMETRIC METHOD. 

"When compounda of manganese free from chlorides are boiled 
with nitric acid and dioxide of lead,* the manganese is converted 
into permanganic acid, which is soluble and tints the solution 
'violet. The depth of colour depends on the amount of manganese 
'present, and this should not much exceed 10 milltgnuns. A 
■quantity of substance containing not more than this amount of 
manganese should be boiled for a few minutes with 25 c.o. of a 
solution containing 5 c.c. of nitric acid, and 10 or 20 c.o. of dilute 
sulphuric acid, with 2 or 3 grams of lead dioxide. Filter through 
asbestos, wash by decantation with dilute sulphuric acid, make up 
with distilled waterf to a definite bulk, and take a measured por- 
tion for the colorimetric determination. 

The standard solution of manganese is made by dissolving 
0.1435 gram of permanganate of potash (KMnO,) in a httle 
water acidulated with nitric acid, and diluting to i Htre. One 
€.0. will contain 0.05 miUigrum of manganese. 

PllACTICAL EXEECISES. 

1. What percentage of manganese (Mn) is contained in permanganate of 
potash (KMnO,) ? 

3. Ten o.c. of a solution of peimanganate of potash is found to oxidise 
to c.c. of an acid solution of ferrous aolphate. The manganese is 
determined in the titrated Eolation by precipitation as dioiide 
and titrating. How mnch of the ferrous solntum will be oxidised 
in the second titration J 

3. What weight of potassium iodide would he juat sufficient to ateorb 
the cMorine evolved by 0.5 gram of pure dioxide ol manganese I 

• Obtainedaa a brown powder by digesting red lead with nitric acid and 
filtering. 

+ The water for dilution and the dOnte sulphuric acid used for washing 
Fhould be previously teated, to see tiiey liave no reducing action, willi 
dilute permanganate of potaBsium solatiou 
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4. What weight of iron must be dissolved up so as to have an excess of 

0.25 gram after oxidation by i gram of pure dioxide ? 

5. What weight of the brown oxide, Mn,0^ will be left on igniting 

I gram of the pure dioxide 7 



CHROMIUM. 

Chromium occurs in nature chiefly as chromite or chrome iron 
ore (FeOjCrjOj, with more or less MgO and AljOg), which is the 
chief ore. It is a constituent of some silicates, and is frequently 
met with in very small quantities in iron ores. It occurs as 
chromate in crocoisite (PbCrO^), and some other rare minerals. 

The metal is used in steel-making. Steel containing about 0.5 
per cent, of it is rendered very hard ; but its chief value is in its 
salts, the chromates. These are highly-coloured compounds, gene- 
rally red or yellow. Some of the insoluble chromates are used as 
pigments ; chromate of lead or chrome-yellow is the most impor- 
tant. The soluble chromates, those of soda and potash, are valu- 
able chemicals, and are largely used in the preparation of pig- 
ments, dyeing and tanning, and as oxidising agents. 

Chromium forms two important classes of compounds — chromic 
salts, corresponding to the oxide Cr,Oj, and chromates, which 
contain the trioxide CrOj. Solutions of chromic salts are green, 
v/hf 1st those of the chromates are yellow. Chromates are reduced 
to chromic salts by the action of most reducing agents in the pre- 
sence of an acid ; and this property is used in assaying for the 
volumetric determination of feiTous iron, &c. The chromates in 
solution are more stable than other similar oxidising agents, and 
consequently are generally used in the laboratory as one of the 
standard oxidising agents for volumetric analysis. They have the 
disadvantage of requiring an outside indicator. Bichromate of 
potash (K,Cr,0,) is the salt generally used for this purpose. 

Chromic salts are oxidised to chromate by fusion with " fusion 
mixture " and nitre, or by treating with chlorine in an alkaline 
solution. 

Chromic salts closely resemble those of ferric iron, and in the 
ordinary course of analysis chromic hydrate (green) is precipitated 
together with ferric hydrate, alumina, <fec., on the addition of 
ammonic chloride and ammonia. The ignited oxide, Cr^Og, 
however, is not reduced on heating to redness in a current of 
hydrogen. 

Detection.— Chromium is detected by fusing the powdered 
substance with "fusion mixture" and nitre. The melt is ex- 
tracted with water and filtered. The filtrate is acidified with 
acetic acid, and treated with a few drops of a solution of lead 
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xiction with sulphuretted hydrogen. It is filtered off, washed" 
li hot water, and ignited. It is weighed as chromic oxide. 

GRAVIMETRIC DETERMINATION. 

7he solution containing the chromium, freed from other metals- 
. earths and in the form of (green) chromic salt, is heated to- 
I ing. If any chromate is present reduce it with sodium sui- 
te or sulphuretted hydrogen. Add ammonia in slight excess,. 
L till the liquid is free from a red tint, and allow to settle for 
^w minutes. Filter, wash with hot water, dry, and ignite- 
:>ngly in a loosely-covered crucible. Cool, and weigh. The- 
stance is chromic oxide, CrjOg, and contains 68.62 per cent, of 
omium. It is a dark-green powder insoluble in acids, 
^^hen, as is generally the case, the chromium exists altogether 
::?hromate (phosphates and arsenates being absent) it is best to- 
<2eed as follows : — Render the solution acid with acetic acid^ 
XI add sodium acetate to the solution and heat nearly to boil- 
j next treat with a slight excess of acetate of lead, and boil. 
CDw to settle, and filter. Wash the precipitate with hot water,, 
in the water-oven or at a low temperature. Transfer the- 
C3ipitate to a weighed Berlin crucible, burn the filter separately,. 
xte below redness, cool in the desiccator, and weigh. The sub- 
nce is lead chromate, PbCrO^, and contains 16.1 per cent, of 
•omium, or 23.53 per cent, of chromic oxide (Cr fi^), 

VOLUMETRIC METHOD. 

This is based on the oxidation of ferrous iron by the solution 
ataining the chromium as chromate. A known weight of iror> 
.5, I, or 1.5 gram, according to the quantity of chromate) is- 
Nsolved in 50 c.c. of dilute sulphuric acid. The solution con-' 
ning the chromate is added, and the remaining ferrous iron 
rated with the permanganate or bichromate of potassium solu- 
n, as described under Iron, The iron thus found is deducteil 
•m that taken, and the difference gives the iron oxidised by the 
:omate. This multiplied by 0.3 10 1 gives the chromium, Cr ; 
1 when multiplied by 0.4529 gives the chromic oxide, Crfi^. 

COLORIMETRIO METHOD. 

small quantities of chromium may be determined, after cod- 
•sion into chromate, eolorimetrically. The solution, which 
»uld not contain more than a few milligrams in 100 c.c, is 
iified with acetic acid and compared against an equal volume 
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MOLYBDENUM. 

Molybdenum occurs in nature chiefly as molybdenite (M0P2) ; 
it also occurs in wulfenite, a molybdate of lead (PbMoO^), and 
in molybdic ochre (MoO,). 

Molybdate of ammonia is an important reagent in the deter- 
mination of phosphates, the manufacture of which compound is 
the chief purpose to which molybdenum is applied. 

Iron and copper ores frequently contain molybdenum, some- 
times in quantity; consequently it is met with in slags and 
pig-iron. 

Molybdenum forms several series of salts. In those corre- 
sponding to the lower oxides it is basic ; but the trioxide (M0O3) is 
the acid oxide which forms a series of salts called the molybdates. 
All molybdenum compounds are converted into the trioxide by 
boiling with nitric acid. The trioxide is a white powder readily 
dissolved by ammonia. It fuses at a red heat, and volatilises freely 
in contact with air. It is slightly soluble in water. 

Molybdates are easily reduced, with the production of coloured 
solutions, by most reducing agents. Sulphuretted hydrogen first 
produces a blue tint, and then precipitates a brown sulphide. 
The precipitation as sulphide is only complete on prolonged 
treatment ; a green colour indicates that some molybdenum still 
remains in solution. The precipitated sulphide is soluble in 
ammonium sulphide. 

Detection. — Molybdenum is detected by its behaviour with 
sulphuretted hydrogen. Molybdenite can only be mistaken for 
graphite, from which it is easily distinguished by yielding sulphur 
dioxide on roasting, and by giving, on charcoal, a yellowish 
white incrustation, which becomes blue on touching it for a 
moment with the reducing flame. The borax-bead is colourless 
in the oxidising, and dark-brown in the reducing, flame. 

GBAVIMETBIC DETEBMINATION. 

The solution containing the molybdate is neutralised and treated 
with an excess of mercurous nitrate. The precipitate is allowed 
to settle for some time^. filtered, and washed with a dilute solution 
of mercurous nitrate. Then it is dried, transferred to a weighed 
Berlin crucible containing ignited oxide of lead, mixed, ignited, 
sjid weighed. The increase in weight gives the amount of tri- 
oxide, MoO,. This contains 66.7 per cent, of molybdenum. 
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"Uranium occurs cLiefly as pitchblende, whidi is an impon 
oxide (UjOj). It ia also found aa sulphate in uranochre, johon- 
nite, (kc. ; and as phosphate in the ui'anites, torbernite (hydrate^ 
phosphate of uranium and copper), and autunite (hydrated 
phosphate of uranium and lime). It also occure in some nnr 
minerals. 

The oside is used for colouring' glass ; and the nitrate sod 
acetate are used as reagents. " Uranium yellow," used for ensniel 
painting, is sodium uranate. The uranates, in which the oxide of 
uranium acts as an acid, are mostly insoluble and of secondaiy 
importance. 

Uranium forms two families of salts, uranous and 
corresponding to the oxides UO, and UO, respectively. The 
former are generally green and the latter yellow. Uranous BfllU 
are converted into uranic by boiling with nitric acid or other 
oxidising agents. Uranic salts, on the other hand, are eo^lj 
reduced by sulphuretted hydrogen, stannous chloride 
This property is made use of in determining the quantity of 
uranium in pure solutions by titrating with permanganate of 
potassium solution as in the case with iron. 

Detection, — The most characteristic reaction of the 
compounds ia their behaviour in the presence of alkaline 
bonates in which they are freely soluble ; even ammonium 
phida will not precipitate nranium from these solutions, 
neutralising the carbonate with an acid a uranate of the aUiU 
is precipitated. Ammonia or sodic hydrate (free from carbonatee) 
give yellow precipitates, which are insoluble in excess of ths 
reagent, but are soluble in acids. Eerrocyanide of potasdtun 
gives a I'eddish-hrown precipitate. Uranium colours the borai- 
bead yellowish -green in the oxidising, and green in the reduong, 
flame. 

Solution End Sepavation. — The compounds of uranium t 
soluble in acids. Powder the substance and evaporate ivith 
excess of nitric acid. Take up with hydrochloric acid, dilate, 
pass STiIphuretted hydrogen, and filter. Peroxidise the filtraB 
with a little nitric acid, add an excess of amnionic carbonate ani 
some ammonium sulphide, and filter. Bender the solution acid, 
boil ; and precipitate the uranium by means of ammonia. KIta 
ofi", and wash it with dilute ammonic chloi-ide. Ignite, and we 
ua protosesqui -oxide, U3O,. 
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GRAVIMETRIC DETERMINATION. 

• The solution containing the ui-anium free from other metals is, 
if required, first peroxidised by boiling with nitric acid. Ammonia 
in slight excess is added to the nearly-boiling solution. A yellow 
precipitate is formed, which is filtered off hot and washed with 
a dilute solution of ammonium chloride. The precipitate is dried 
and ignited ; and weighed as UjOg, which contains 84.8 per cent, 
of uranium. 

VOLUMETRIC METHOD. 

This is based on the precipitation of uranium as phosphate 
from acetic acid solutions and the recognition of complete preci- 
pitation by testing with potassic ferrocyanide ; it is the converse 
of the process for the volumetric determination of phosphate. 

The standard solution of pJiosphate is prepared by dissolving 
29-835 grams of hydric sodic phosphate (lSra,HP0^.i2Hj0) in 
water and diluting to i litre. 100 c.c. will be equivalent to 
2 ^ams of uranium. 

Take i gram of the sample (or, if poor in uranium, 2 grams) 
and separate the uranium as described. Dissolve the precipitate 
in nitric acid and evaporate to a small bulk, add 2 grams of sodium 
acetate, dilute with water to 100 c.c, and boil, fitrate the boil- 
ing solution with the sodium phosphate till it ceases to give a 
brown colouration with potassium ferrocyanide. Calculate the 
percentage in the usual way. 
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EfToct of Varying Temperature.— The bulk of the solution 
was 100 c.c. ; 2o c.c. of iodiue were taken, and 5 c.c. of starch 
solution were ailiied towards the end as indicator. These condi- 
tions are also those of the other experiments, except where other- 
wise stated. Iodine being volatile, it is to be expected that with 
hot solutions low results will be obtained. 



15 



40 



60° 



15.5 c 



These show that the temperature should not much exceed zo'. 

EfFeot of Exposure of the Iodine Solution. — Twenty c.o. 
of the iodine were diluted to roo c.c, and exposed for varying 
lengt.hs of time in open beakers at the ordinary temperature, and 
then titrated. 






2 days 3 days 



Effect of Varying Bulk. — These experiments ^ 
lilt in the usual way, bulk only varying. 



Effect of Varying Acid. — These experiments were 
■■the usual conditions, the bulk being loo c.c. The results b 
30.00.0. 
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n the application of tliia titration to the assay of n 

I, hydrochJorio and hydriodic acids are the only ones likely to 



Effect of Alkalies. — On theoretical grounds the presence of 
these is known to be inadmissible. A solution rendered faintly 
alkaline with ammonia required only 11. z c.c. of "hypo;" and 
another, with 0.5 gram of caustic soda, required 4,0 c.c. instead 
of zo,4 c.c. as in neutnil solutions. 

Effect of nearly Neutralising Hydrochlorio Acid Solu- 
tions with Ammonia. — Provided care is taken not to add 



' Iodine probably loat by volatUisation. 



d 



MAKGANESE. 26 1 

excess of ammonia, this has a good effect, counteracting the inter- 
ference of excess of acid. Thus 20 c.c. of iodine (as before) 
required 20.4 c.c. of "hypo;" with 15 c.c. of hydrochloric acid 
20.7 c.c. were required, but with 15 c.c. of acid, nearly neutral- 
ised with dilute ammonia 20.4 c.c. were used. 

EfTeot of the Addition of Starch. — The addition of varying 
quantities of starch has no effect, provided it is added when the 
titration is nearly finished, as the following experiments show : — 

Starch added . i.o c.c. 5.0 c.c. lo.o c.c. 50.0 c.c. 
"Hypo" required 20.4 „ 20.4 „ 20.4 „ 20.5 „ 

But if the starch is added before the titration, the results are 
liable to error. 

Starch added • • i.o c.c. 50.0 c.c 

" Hypo " required • 204 „ 24.0 „ 

The starch should be used fresh, and is best made on the day it 
is used ; after four days the finishing point is not so good. 

EfTect of Varying Potassium Iodide. — An excess of iodide 
is always required to keep the iodine in solution ; a larger excess 
has little effect. 

Iodide added . . — i gram 20 grams 

" Hypo '* required . 20.4 c.c. 20.5 c.c. 20.6 c.c. 

The 20 c.c. of iodine used, itself contained 0.5 gram of potassium 
iodide. 

EfTect of Foreign Salts. — 

Bicarbonate of soda 

added ... — 0.5 gram 1.5 gram 5.0 grams 

" Hypo " required . 20.4 c.c. 1S.2 c.c. 1 7.1 c.c. 16.0 c.c. 

The solution obviously must be free from bicarbonate of soda. 
This should be remembered, since when titrating arsenic assays 
with iodine it must be present; and students must avoid con- 
founding the two titrations. 

In some other experiments, in which 10 grams each of the salts 
were taken, the following results were obtained : — 

Salt added . . — AmCl AmNO, AmjSO^ 

" Hypo " required . 20.4 c.c. 20.50.0. 20.30.0. 20.20.0. 

Salt added . . NaCl NaNO, Na.,SO^ 
" Hypo " required . 20.3 c.c. 20.4 c.c. 20.4' c.o. 

EfTect of Varying Iodine. — 

Iodine added . 1.0 c.o. lo.o c.c. 20.0 c.c. 50.00.0. loo.o c.c. 
" Hypo " required 1.3 „ 10.2 „ 20.4 „ 51.0 „ 102.0 „ 

Determination of Dioxide in a Manganese Ore. — Weigh 
up 0.25 to 0.3 gram of the powdered ore; place in a flask, cover 
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tvith lo c.c. of hydrochloric acid, and close the flask vith a parsf- 
fined cork, and bulbs (as shown Id fig. 60), having previously 
charged the bulb with 5 grams of potassiiun iodide in strong solu- 
tion. Heat the Haak, and boil cautiously for about fifteen 
minutes. Wash the contents of the bulbs into a large beaker, 
nearly (but not quite) neutralise ivith dilute ammonia, and titrate 
with the standard " hypo." 

As an example, 0.2675 gram of pyrolusite was taken, and re- 
quired 60.3 c.c. of standard " hypo " (looc.c. equal 1.185 gram 
iodine, or 0.404a gram MnO,), which equals 03437 gram of the 
dioxide or gi.i per cent. 

COLOBIMETBIC METHOD. 

When compounds of manganese free from chlorides are boiled 
■with nitric acid and dioxide of lead,* the manganese is converted 
into permanganic acid, wbich is soluble and tints the solution 
violet. The depth of colour depends on the amount of manganese 
present, and this should not much exceed 10 milligrams. A 
qijautityof substance containing not more than this amount oE 
innnganese sliould be boiled for a few minutes with 25 c.c. of a 
solution containing 5 c.c. of nitric acid, and 10 or zo c.c. of dilute 
sulphuric acid, with 2 or 3 grama of lead dioxide. Filter through 
asbestos, wash by decantation with dilute sulphuric acid, make up 
with distilled waterf to a definite bulk, and take a measured pra^ 
tion for the colorimetric determination. 

The standard solution of manganese is made by dissolving 
0,1435 gfiitti of permanganate of potash (KMnO,) in a little 
water acidulated with nitric acid, and diluting to i litra. , " 
c.c. will contain 0.05 milligvair 



PHACTICAL EXERCISES. 
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1. Wliat percentage of manganese (Mn) is contained in perman ganat^ si 
potpsh (KMnO,) I 

a. Ten c.c. of a solution of peinianganate of potash is found to osidise 
10 c.c. of an acid solution of fenoua sulphate. Tlie manganese i» 
determined in tho titrated solution by precipitation as dioxide 
and titrating'. How mnch of the ferrons solntlon will be oxidised 
in the second titration ? 

3. What weight of potassium iodide would be just snfBcient to absorb 
the cldoTine evolved, by 0.5 gram of pure dioxide of mnoganese t 



• Obtained as a brown powder by digesting red lead t 
filtering. 

+ Tbe water for dilution and tlie dilute Gulpbnric acid ased for wi 
phonld be previously tested, to sec they have no reducing 
dilute permaoganatc of potassium solution 
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4. What weight of iron must be dissolved up so as to have an excess of 

0.25 gram after oxidation by i gram of pure dioxide ? 

5. What weight of the brown oxide, Mn,0^ will be left on igniting 

I gram of the pure dioxide? 



CHROMIUM. 

Chromium occurs in nature chiefly as chromite or chrome iron 
ore (FeOjCrjOj, with more or less MgO and AljOj), which is the 
chief ore. It is a constituent of some silicates, and is frequently 
met with in very small quantities in iron ores. It occurs as 
chromate in crocoisite (PbCrO^), and some other rare minerals. 

The metal is used in steel-making. Steel containing about 0.5 
per cent, of it is rendered very hard ; but its chief value is in its 
salts, the chromates. These are highly-coloured compounds, gene- 
rally red or yellow. Some of the insoluble chromates are used as 
pigments ; chromate of lead or chrome-yellow is the most impor- 
tant. The soluble chromates, those of soda and potash, are valu- 
able chemicals, and are largely used in the preparation of pig- 
mentSy dyeing and tanning, and as oxidising agents. 

Chromium forms two important classes of compounds — chromic 
salts, corresponding to the oxide CrjO,, and chromates, which 
contain the trioxide CrO,. Solutions of chromic salts are green, 
whilst those of the chromates are yellow. Chromates are reduced 
to chromic salts by the action of most reducing agents in the pre- 
sence of an acid ; and this property is used in assaying for the 
volumetric determination of feiTous iron, &c. The chromates in 
solution are more stable than other similar oxidising agents, and 
consequently are generally used in the laboratory as one of the 
standard oxidising agents for volumetric analysis. They have the 
disadvantage of requiring an outside indicator. Bichromato of 
potash (KjCr,Oy) is the salt generally used for this purpose. 

Chromic salts are oxidised to chromate by fusion with " fusion 
mixture " and nitre, or by treating with chlorine in an alkaline 
solution* 

Chromic salts closely resemble those of ferric iron, and in the 
ordinary course of analysis chromic hydrate (green) is precipitated 
together with ferric hydrate, alumina, &c., on the addition of 
ammonic chloride and ammonia. The ignited oxide, Cr^Og, 
however, is not reduced on heating to redness in a current of 
hydrogen. 

Detection.— Chromium is detected by fusing the powdered 
substance with " fusion mixture " and nitre. The melt is ex- 
tracted with water and filtered. The filtrate is acidified with 
acetic acid, and treated with a few drops of a solution of lead 
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ncetete. A yellow precipitate indicales chromiiin). Snbstfiacctf 
containing chromium impart a green colour to the boras bead in 
both flames. Small qaantities of chrom.-ite in neutral solotiOD 
can be found by the dark or violet-red colouration impartei} 
thereto on boiling with a dilute decoction of logwood. 

Solution and Separation. — Chromrttes and chromic sabsai 
geneiTvUy soluble in water of dilute ncids. Chrome iron mi 
however, and ignited chromic naide are insoluble; and the former 
presents considerable difficulty on attempting to upen np by 
the Qsual methoda. A large number of mixtures have been tried 
in order to get all the chromium in a soluble form. Among thwe 
arc the following. One part of the very hnely-powdered ore is 
fused with any of these mixtures 

(I) 10 paiis of bisnlphate of potash. 

|z) 5 partR of bisnlpbEts of potash and 5 ports of potttsaiam fliiorideii 

Sj parts of hydnc potaeaic fluoride. 
tz parts of bisDlpbate of potash ; ami. afcerwards, witli 6 parti of 
carbonate of soda and 6 parts of oitrc. 
(5) S portH if borax ; afterwarils, with carbonate of 6o6a, till it cats** 
to eflerveace ; then, with 3 parts cf cucbunatc of soda and 3 of 

{6) 4 parts of borax aod. 6 parts of fusion mixture. 

(7) 12 parts of caQEtic potash. 

(8) 10 parts of caustic soda and 30 of ma^e^ia. 

(9) 5 parts of caustic soda and j of magnesia, 
toj 3 ports of carbonate of soda and 1 of llnte. 

(11) 6 parts of bodn-lime and z of chlorate of potasb. 

(12) Sodiom peroxide. 

Of these, numberp, i, 2, 3, and ix yield the chromiam in a. forO 
eoluhle in dilute acida, as chromic salt. The rest in a form 
Holuble in water, as pota.i.'iium or sodium chromat«. 

On boiling an insoluble chromium compound with chlorate of 
potash and nitric acid, the chromium passes into solution as chro- 
mate. This method, however, does not answer for chrome iron ore. 
Jn the fusion method.') the tre must be very finely powdered, well 
mixed with the fluxes, and subjected to a prolonged fusioi 
pInttnuTO vessel at a high tempei'ature. Undecomposed particles 
require re-fusion. 

The aqueous extract containing the chromate is ready for 
volumetric work, except in those cases where nitre has been used. 
For gravimetric work the solution b acidified with hydnachlorif 
acid, then mixed with ammonia in slight excess, boiled, and 
filtered. The filtrate is acidified with hydrochloi 
treated with sulphuretted hydrogen, warmed, rendered sliglitlf 
alkaline with ammonia, and the gas .igain passed. The chromium 
ie p'ecipitiited as chromic hydnite mixed with sulphur fi'oui U« 
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reduction with sulphuretted hydrogen. It is filtered off, washeii 
with hot water, and ignited. It is weighed as chromic oxide. 

GRAVIMETRIC DETERMINATION. 

The solution containing the chromium, freed from other metals- 
and earths and in the form of (green) chromic salt, is heated to- 
boiling. If any chromate is present reduce it with sodium sul- 
phite or sulphuretted hydrogen. Add ammonia in slight excess,, 
boil till the liquid is free from a red tint, and allow to settle for 
a few minutes. Filter, wash with hot water, dry, and ignite- 
strongly in a loosely-covered crucible. Cool, and weigh. The- 
substance is chromic oxide, Cr^Oj, and contains 68.62 per cent, of 
chromium. It is a dark-green powder insoluble in acids. 

When, as is generally the case, the chromium exists altogether 
as chromate (phosphates and arsenates being absent) it is best to- 
proceed sis follows : — Render the solution acid with acetic acid^ 
then add sodium acetate to the solution and heat nearly to boil- 
ing ; next treat with a slight excess of acetate of lead, and boil. 
Allow to settle, and filter. Wash the precipitate with hot wateiv 
di-y in the water-oven or at a low temperature. Transfer the- 
precipitate to a weighed Berlin crucible, burn the filter sepai-ately,. 
ignite below redness, cool in the desiccator, and weigh. The sub- 
stance is lead chromate, PbCrO^, and contains 16.1 per cent, of 
chromium, or 23.53 per cent, of chromic oxide (CrjOj). 

VOLUMETRIC METHOD. 

This is based on the oxidation of ferrous iron by the solution 
containing the chromium as chromate. A known weight of iroi> 
(0.5, I, or 1.5 gram, according to the quantity of chromate) i& 
dissolved in 50 c.c. of dilute sulphuric acid. The solution con-' 
tainiiig the chromate is added, and the remaining ferrous iron 
titrated with the permanganate or bichromate of potassium solu- 
tion, as described under Iro7i, The iron thus found is deducteil 
from that taken, and the difference gives the iron oxidised by the- 
chromate. This multiplied by 0.3 10 1 gives the chromium, Cr ; 
and when multiplied by 0.4529 gives the chromic oxide, Crfi^. 

COLORIMETRIG METHOD, 

Small quantities of chromium may be determined, after con- 
version into chromate, eolorimetrically. The solution, which 
should not contain more than a few milligrams in 100 c.c, i» 
acidified with acetic acid and compared against an equal voliune 
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Solution and Separation. — The chlorides bf& general!; 

goluble in water, and are got into solution by extracting with 
warm dilute nitric add. Or, if insoluble, the substAiice is fused 
with cftrbonate of Boda, extracted with w.iter, and the filtrsto 
acidified with nitric acid. For the determination, it is not neow- 
sary to obtain the solution of the chloride free from other acids or 
metais. If tin, antimony, mei-cury, or platinum is present, it is 
best to separate by means of sulphuretted hydrogen. The chloride 
is determined in the solution after removal of the excess of tha 
gas. Where traces of chlorides are being looked for, a blank es- 
periment is made to determine the quantity introduced with the 
reagents. One hundred c.c. of ordinary water contains from 
I to 3 milligrams of chlorine. On the addition of nitrate of 
silver to the nitric acid solution, chloride of silver separates ont 
This is free from other substances, except, perhaps, bromide and 
iodide. 

QBAVIMETBIC DETERMHTATIOBT. 

Freely mix the solution conteining the chloride with dilute nitric 
acid, filter (if necessary), and treat with nitrate of silver. Heat 
nearly to boiling, and, when the precipitate has settled, filter, and 
■wash with hot distilled water. Dry, and transfer to a weighed 
Berlin crucible. Bum the filter-paper separately, and convert any 
reduced silver into chloride by alteroate treatment with drops 
of nitric and of hydrochloric acid. Add the main portion to 
this, and heat cautiously till the edges of the mass show signs ot 
fusing (about z6o°). Cool in the desiccator and weigh. The 
Eubstaoce is chloride of silver (AgCl), and contains 24.73 P^"^ 
cent, of chlorine. 

The precipitated chloride is filtered and washed as soon as pos- 
sible after settling, since on exposure to light it becomes purple, 
and loses a small amount of chlorine. 



VOLUMETEIC METHOD. 

There are several volumetric methods ; but that based on the 
precipitation of silver chloride in neutral solution, by means of n 
standard solution of silver nitrate (using potassium chromate as 
indicator), is preferred. Silver chromate is a red-coloured salt; 
and, when silver nitrate is added to a solution containing botli 
chloride and chromate, the development of the red colour marks 
off sharply the point at which the chloride is used up. Silver 
chromate is decomposed and consequently decolorised by solution 
of any chloride. The solution for this method must be neutral. 
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IS known as " quicklime " ; on treatment with water it becomes 
hot, expands, and falls to a pow^der of "slaked lime" or calcium 
hydrate (CaHaOa). The hydrate is slightly soluble in water (0.1368 
gi-am in 100 cc), forming an alkaline solution known as lime- 
water. Calcium hydrate is more generally used suspended in 
water as " mHk of lime." 

As a flux it is used either as limestone or as quicklime. Silica 
forms with lime a compound, calcium silicate, which is not very 
fusible; but when alumina and other oxides are present, as in 
clays and in most rocky substances, the addition of lime gives a 
very fusible slag. 

Detection. — Calcium is detected by the reddish colour which 
its salts impart to the flame. It is best to moisten with hydro- 
chloric acid (or, in the case of some silicates, to treat with ammo- 
nium fluoride) before bringing the substance into the flame. 
When seen through a spectroscope, it shows a large number of 
lines, of which a green and an orange are most intense and char- 
acteristic. Calcium is detected in solution (after removal of the 
metals by treatment with sulphuretted hydrogen and ammonium 
sulphide) by boiling with ammonium oxalate and ammonia. The 
lime is completely thrown down as a white precipitate. Lime is 
dit^tinguished from the other alkaline earths by forming a sulphate 
insoluble in dilute alcohol, but completely soluble in a boiling 
solution of ammonium sulphate. 

Lime compounds are for the most part soluble in water or in 
dilute hydrochloric acid. Calcium fluoride must be first con- 
verted into sulphate by evaporation in a platinum dish with 
sulphuric acid. Insoluble silicates are opened up by fusion with 
** fusion mixture," as described under Silica. 

Separation. — The separation of lime is effected by evaporating 
with hydrochloric acid, to separate silica ; and by treating with 
sulphuretted hydrogen, to remove the second group of metals. 
If the substance contains much iron, the solution is next oxidised 
by boiling with a little nitric acid ; and the iron, alumina, &c., 
are removed as basic acetates. The filtrate is treated with am- 
monia and sulphuretted hydrogen, and allowed to settle. The 
filtrate from this is heated to boiling, treated with a solution of 
ammonium oxalate in excess, boiled for five or ten minutes, 
allowed to settle for half an hour, and filtered. The precipitate 
contains all the lime as calcium oxalate. 

GRAVIMETRIC DETERMINATION. 

The precipitate of calcium oxalate is washed with hot water, 
dried, transferred to a weighed platinum crucible, and ignited at 
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a tempei-ature not above incipient redness. This ignitiu. 
verts the oxalate into carbonate, with evolution of carbonic oside, 
which burns at the mouth of the crucible with a, blue flame.* 
Generally a small quantity of the carbonate is at the same time 
converted into lime; To i-econvert it into carbonate, moisten 
with a few drops of ammouic carbonate solution, and dry in a 
water-oven. Heat gently over a Eimaen burner, cool, and weigh. 
The substance is calcium cai-bonate (CaCOj), and contains 56 per 
cent, of lime (CaO). It is a. white poivder, and should show no 
alkaline reaction with moistened litmus-paper. 

Where the precipitate is small, it is better to ignile sti^ngly 
over the blowpipe, and weigh directly as lime. With larger 
quantities, and when many determinations hn\'e to be made, it is 
easier to make the determination voluraetrjcally. 



VOLUMETRIC METHODS. 

These are carried out eiilier by dissolving the oxalate at once in 
dilute sulphuric acid, and titrating with permanganate of potas- 
sium solution ; or by caleininjj it to a mixture of lime and carbonate, 
and determining its neutralising power with the standard solutions 
of acid and alkali. 

Titration with FermanganatQ of Potassium Solution. — 
This solution is made by dissolving 5.643 grams of the salt in 
water, and by diluting to i litre ; 100 c.c. are equivalent to 0.5 
gram of lime. The solution is standardised by titrating a quan- 
tity of oxalic acid about equivalent to the lime present in the 
as,say; 0.5 gram of lime is equivalent to 1.125 gram of ciystal- 
liised oxaHc acid. The standardising' may be done with iron. The 
standai'd found for iron multiplied by 0.5 gives that for lime. 

The process is as follows r — The calcium oxalate (having been 
precipitated and washed, as in the gravimetric process) is washed 
through the funnel into a flask with hot dilute sulphuric acid, 
boiied till dissolved, diluted to aoo c.c. with water, and heated to 
about 80° C. The standard solution of " permanganate " is then 
run in (not too quickly, and with constant shaking) until a per- 
manent pink tinge is produced. The c.c. used multiplied by the 
standard, and divided by the weight of the substance taken, will 
give the percentage of lime. 

EBtimation of Lime by Alkalimetry. — The methods of 

determining the amount of an alkali or base by means of a 

Btandai'd acid solntion, or, conversely, of determining an acid by 

means of a standard alkaline solution, are so closely related that 

• CuCA = CaCO. + CO. 
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they are best considered under one head. The same standard 
solution is applicable for many purposes, and, consequently, it 
is convenient to make it of such strength that one litre of it 
shall equal an equivalent in grams of any of the substances to be 
determined. Such solutions are termed normal. For example, a 
solution of hydrochloric acid (£[01 = 36.5) containing 36.5 grams 
of real acid per litre, would be normal and of equivalent strength 
to a solution containing either 17 grams of ammonia (NH3= 17) 
or 40 grams of sodic hydrate (NaHO = 40) per litre. It will 
be seen in these cases that the normal solution contains the 
molecular weight in grams per litre ; and, if solutions of these 
strengths be made, it will be found that they possess equal neu- 
tralising value. 

If, now, a solution containing 98 grams of sulphuric add 
(H,SO^ = 98) per litre be made, it will be found to have twice 
the strength of the above solution, that is, 100 c.c. of the soda 
would only require 50 c.c. of the acid to neutralise it. The 
reason for this will be seen on inspecting the equations : — 

NaHO + HOI = NaOl + H,0. 
2NaH0 + H,SO, = NajSO, + 2H,0. 

Acids like sulphuric acid are termed bibasic, and their equiva- 
lent is only half the molecular weight. Thus, a normal solution 
of sulphuric add would contain 49 grams (^) of real acid per 

litre. Similarly, lime and most of the bases are bibasic, as may 
be seen from the following equations ; hence their equivalent will 
be half the molecular weight. 

2HOI 4- OaO = OaCl, + H,0. 
2HOI + MgO = MgOl, + H,0. 

The stamdard normal solution of hydrochloric add is made by 
diluting 100 c.c. of the strong acid to one litre with water. This 
will be approximately normal. In order to determine its exact 
strength, weigh up 3 grams of recently ignited pure sodium 
carbonate or of the ignited bicarbonate. Transfer to a flask and 
dissolve in 200 c.c. of water ; when dissolved, cool, tint faintly 
yellow with, a few drops of a solution of methyl orange, and run 
in the standard " acid " from a burette till the yellow changes to 
a pink. Head off the number of c.c. used, and calculate to how 
much sodium carbonate 100 c.c. of the " acid " are equivalent. 
If the " acid " is strictly normal, this will be 5.3 grams. It will 
probably be equivalent to more than this. Now calculate how 
much strictly normal " add " would be equivalent to the standard 
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found in apatite, and in some eilicates, Buch as topaz, tourmalme, 
micas, Sic. 

Hydi'ofluoric acid is used for etching gloss and opening ap 
silicates. It attacks silica, forming fluoride of silicon (SiFj, 
which is volatile. Silica is by this means eliminated from other 
oxides, which, in the presence of sulphuric acid, are fixed. Tie 
commercial acid is seldom pure, and generally weak ; and the acid 
itself 13 dangerously obnoxious. The use of ammonium fluoride 
{or sodium fluoride) and a mineral acid i8 more convenient. Detet^ 
minations of this kind are made in platinum dishes enclosed in 
copper vessels in a well-ventilated place. Fluor-spar is 
useful 0.1 a flux in dry assaying; it renders slags, which would 
otherwise be pasty, quite fluid. Fluorides generally are fusible, 
and impart fusibility to substances with which they form weak 
compounds. Their fluxing action does not depend on the removal 
of sUicon US fluoride. 

Detection. — EluoriJea in small quantity are easily overlooked 
unless specially sought for. In larger amounts they are reeog- 
Dised by the property hydrofluoric acid has of etching glass. A 
watch-glass is warmed, :;nd a layer of wax is melted over the 
convex side. When cold, some lines are engraved on the waxed 
surface with any sharp-pointed instrument. The substance to be 
tested is powdered; and moistened, in a platinum dish, withanl- 
phuric acid. The watch-gUisa is filled with cold water and sup- 
ported over the dish. The dish is then carefully warmed, but not 
sufficiently to melt the wax. After a minute or two, the glass la 
taken ofi', and the wax removed. If the substance contained 
fluorine, the characters wOl be found permanently etched on the 
glass. An equally good, but more rapid, test is to mix the 
powdered substance with some silica, and to heat the mi^ure in 
a. test tube with sulphuric acid. Silicon fluoride is evolved, and, 
if a, moistened glass rod is held in the tube, it becomes coated with 
a white deposit of silica, formed by the decomposition of the 
silicon fluoride by the water. This is also used as a test for 
silica; but in this case the substance is mixed with a fluoride, 
and the experiment must obviously be carried out in a platinum 
vessel. 

Separation and Daterminatioii. — The determination of 
fluorine is difficult. In the case of fluorides free from silioatw 
■(such as fluor-spar), it is determined indirectly by decomposing ft 
weighed portion witli sulphuric acid, evaporating, igniting, and 
weighing the residual sulphate. The increase in weight multiplied 
by 0.655 gi™s the weight of fluorine. 

In the presence of silica this method does not answer, because 
of the volatilisation of silicon fluoride. In these cases WShler 
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compounds (when moistened with hydrochloric acid) impart to 
the flame. The spectrum shows a large number of lines, of which 
a red, an orange, and a blue are most characteristic. 

It resembles lime in many of its compounds, but is distinguished 
by the insolubility of its sulphate in a boiling solution of ammo- 
'nium sulphate, and by the insolubility of its nitrate in alcohoL 
From baryta, which it also resembles, it is distinguished by not 
yielding an insoluble chromate in an acetic acid solution, by the- 
solubility of its chloride in alcohol, and by the fact that its sul- 
phate is converted into carbonate on boiling with a solution 
formed of 3 parts of potassium carbonate and i of potassiun^ 
sulphate. 

It is got into solution in the same manner as lime. The sul- 
phate should be fused with " fusion mixture," extracted with 
water, and thoroughly washed. The residue will contain the- 
strontia as carbonate, which is readily soluble in dilute hydro- 
chloric or nitric acid. 

Separation. — ^It is separated (after removal of the silica and 
metals, as described under Lime) by adding ammonia and am- 
monic carbonate, and allowing to stand for some hours in a warm 
place. In the absence of baryta or lime it is filtered off, and 
weighed as strontium carbonate, which contains 70.17 per cent^ 
of strontia. It is separated from baryta by dissolving in a little- 
Lydrochloric acid, adding ammonia in excess, and then acidifying 
with acetic acid, and precipitating the baryta with potassium bi- 
chromate, as described under Baryta, The strontia is precipi- 
tated from the filtrate by boiling for some time with a strong 
solution of ammonic sulphate and a little ammonia. Fifty parts- 
of ammonic sulphate are required for each part of strontia or 
lime present. The precipitate is filtered off, and washed first with 
CL solution of ammonic sulphate, and then with alcohol. It is- 
<ii'ied, ignited and weighed as strontium sulphate. 

GRAVIMETBIC DETERMINATION. 

The determination of strontia in pure solutions is best made by 
adding sulphuric acid in excess and alcohol in volume equal ta 
that of the solution. Allow to stand overnight, filter, wash with 
dilute alcohol, dry, ignite at a red heat, and weigh as sulphate 
(SrSOJ. This contains 56.4 per cent, of strontia (SrO); or 
47 '7 P®^ cent, of strontium. 
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are nqnired. The exit tube from the flaak 
{wm a amall V, whicb is kept cocl in watery this is directly con- 
nected with the U -tube containing the alcoholic eolution of potas- 
sium chloride. The flaak with the assay is heated for abaut tiro 
hours, and a current of dry air ia aspirated throughout the deter- 
mination. Fluoride of silicon ia a gas not easily condensed to a 
liquid; but is immediateljr decompoaed bj water or moist air. 
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pipe for a few minutes. When cold, it is extracted with cold 
water, filtered, and washed. The residue is dissolved in dilute 
hydrochloric acid, and (if necessary) filtered. The solution con- 
tains the barium as baric chloride mixed, perhaps, with salts of 
strontium or lime. To separate these, ammonia is added till the 
solution is alkaline, and then acetic acid in slight excess. Chro- 
mate of baryta is then thrown down, by the addition of bichromate 
of potash, as a yellow precipitate. It is allowed to settle, filtered 
and washed with a solution of acetate or of nitrate of ammonia. 
It is dried, ignited gently, and weighed. It is BaCrO^, and con- 
tains 60.47 P^^ cent, of baryta. 

GBAVIMETBIC DETERMINATION. 

The gravimetric determination of baryta, when lime and strontia 
are absent, is as follows : — The solution, if it contains much free 
acid, is nearly neutralised with ammonia, and then diluted to 
100 or 200 c.c. It is heated to boiling, and dilute sulphuric acid 
is added till no further precipitation takes place. The precipitate 
is allowed to settle for a few minutes, decanted through a filter, 
and washed with hot water ; and, afterwards, dried, transferred 
to a porcelain crucible, and strongly ignited in the muffle or over 
the blowpipe for a few minutes. It is then cooled, and weighed 
as sulphate of baryta (BaSO^). It contains 65.67 per cent, of 
baryta (BaO). 

In determining the baryta in minerals which are soluble in 
acid, it is precipitated direct from the hydrochloric acid solution 
(nearly neutralised with ammonia) by means of sulphuric acid. 
The precipitated baric sulphate is digested with a solution of 
ammonic acetate ; and filtered, washed, ignited, and weighed. 

VOLUMETRIC DETERMINATION. 

The principle and mode of working of this is the same as that 
given under the Sulphur Assay ; but using a standard solu- , 
tion of sulphuric acid instead of one of barium chloride. The 
standard solution of sulphuric acid is made to contain 32.02 
^ams of sulphuric acid (HjSO^), or an equivalent of a soluble 
alkaline sulphate, per litre. 100 c.c. will be equal to 5 grams of 
baryta. 

Yive grams of the substance are take^n, and the baryta they 
contain converted into carbonate (if necessary). The carbonate 
is dissolved in dilute hydrochloric acid. Ten grams of sodium 
acetate are added, and the solution, diluted to 500 c.c, is boiled, 
and titrated in the manner described. 
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WBT USTHODS. 
SolotiOU. — -vUl sulphates, excepting tbo^e of lei^ fauitug^ 
Ktmuciiiin, imd lime, arc soluble la water or dilDte acid, AD 
liuliibiilai, <3sce{ib dunabar, ore converted into solptiagles bf the 
ocUuu of tkitric add ab a gentls heat ; or, better, b; tbe adiiHi of 
u (uLxture of three volumes of nitric acid and out vahiat d 
hydixHihJoric acid. Hiis la^ attacks cinnabar as welL WilJiiiioet 
ButaUuji>>« it i» dil&cult to convert the whole of tbe sa^Anr inb) 
auliibtiriu acid. Tlie sulphui- separates out at fiist. as a duk 
s^KHi^ mass, wbich (on continued treatment) changes to E^it- 
t-ulo<tied tiakee. When tbe solution becomes coocentiated tni 
Uins tf nipurature rises su^ciently, the sulphur fnses into one or 
ifluin huiicy-coloured globuiee which, owing to the small soifiue 
tlttiy i>p[iuse to the acid, are ver^ slowly oxidised. It a not 
iltufibU tu assist the formation of these globules; tbettion, dw 
tttuitwruture is kept as low as possible, and strong nitnc add is 
lucX Wlteo such globules form, it is best to allow thesohitiaito 
tvul, Kb«a tbe globules will solidify. Tbey can then be filtered 
iiflT tuid [lickud out from the insoluble residue, dried, weighed, 
tuuiUHl, and again weighed, tbe loss bein^ counted as sulphoT. 
WUlt iron pyrites tbis difficulty seldom occurs. 

MeUiilio sulphides when fused with an excess of nitre are «m- 
iJotuly uxidisuJ. If the ore is rich in sulphur, some inert body 
<iucli iia auJium chloride, or, better, sodium carbonate) is added W 
iUlule tbt» iwliou. With pure sulphur, the action is so enei^ic 
UA lu oa.\im an ta^losion, so that care should be taken. With 
tu^t 0K& (iucoui^tely calcined pyrites), there is sufficient oxide 
of IfOU preaeut to prevent too rapid action. 

Theie fusions with nitre are best conducted in a platinum disb 

' ''ith a piece of platinum foil. The ore isground withthe 

nil- complete mixing. The heat need not be excessive, 

iii^le Bunsen burner placed beneath the dish wiH 

"i> ill iio bottom of tbe dish is seen to be red-hot, it is suffi- 

i TOoUug and extracting with water, the ealpbur wiD 

^llUou as potassium sulphate, which is then filtered off 

.gluble oxides of iron, copper, &c. Tbe filtrate, after 

i^ tl\>ati^d with a large excess of hydrochloric add, 

and re-disMoIved in water, is ready for the 

U(o way be dissolved by boiling with ammonium 
uluw sulphates of barium, strontium, and li] 
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are decomposed b_v fusing with 4 or 5 times their weight of " fusion 
mixture," The aikaline sulphates are then dissolved out with 
-water, and filtered offfrom the insoluble residue. The filtrate is 
rendered acid with hydrochloric acid. 

Separation, — The determination of the sulphuric acid in these 
solutions by precipitation with bnrinm chloride also serves as a 
separation ; but in hot acid solutions containing copper, and more 
especially iron-salts, the baric sulphate has a. strong tendency to 
■cany down amounts of those bodies, varying, no doubt, with the 
conditions of the precipitation. Boiling hydrochloric acid fails to 
completely extract them. Moreover, the use of hot concentrated 
hydrochloric acid causes a loss by dissolWug barium sulphate. 
Nitric acid and nitrates must be decomposed by prolonged boiling 
ajid evaporation with hydrochloric acid. The iron may be removed 
by adding a slight excess of ammonia to the faintly acid solution, 
filteiiog off, and washing the precipitated ferric hydi'ate with hot 
water. By slightly acidulating the filtrate with hydrochloric 
ftcid, it will be rendered ready for the determination. 

GHAVIMETBIC METHOD. 

This assay is one of those which strildngly shows the necessity 
<if getting the assay solution under proper conditions, in order t» 
obtain satisfactory results. The method has been repeatedly in- 
vestigated, and the conclusion arrived at, "that it can be correct 
only by accident." Yet there are many chemists who get good 
results, and place considerable fiiith in its accuracy. This can 
only be due to differences in the manner of working. It is gene- 
rally understood that nitric acid or nitrates must be absent ; and 
■our experience fully confirms this. Precipitations in nitrate solu- 
tions are worthless, as the following experiments show. In each 
experiment the bulk of the solution was 150 c.c. The solutions 
■contained 10 grams of nitre, were freely acid with hydrochloric 
.acid, and were precipitated (while boiling) with slight excess of 
baric chloride. 



I 



Sulpliut 



0.526 



All the precipitates were boiled with hydrochloric add, and 
thoroughly washed before weighing. The results of some other 
experiments on this subject are given under "sulphur" in the 
*' examination of commercial copper," page 167. 

The solution having been obtained free from nitrates and chio- 
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"HE ALKALIES. 

-'."tiiui, potassium, lithium, cteaium, flnd I 
■ iitni ;irp grouped under this head. Of ^ 
• jji- nire, and lithift comparatively so. 11 
it^iti'd by their spectra. They are characlert 
■ji Liiriiost all their salts in water, and, wn 
-1 1!! the solutions from which the earths* 
.telj5 have been separated by the usual j 
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ne solution from which the other substances have been 
rated is evaporated to dryness, and the product ignited to 
3ve the amnionic salts added for the purpose of separation, 
residue contains the alkali metals generally, as chlorides or 
hates. Before determining the quantities of the particidar 
Li metals present, it is best to convert them altogether, either 

chloride or sulphate, and to take the weight of the mixed 
. It is generally more convenient to weigh them as chlorides. 
r are converted into this form, if none of the stronger acids 
Dresent, by simply evaporating with an excess of hydrochloric 
Nitrates are converted into chlorides by this treatment, 
^n sulphates or phosphates are present, the substance is dis- 
^d in a little water, and the sulphuric or phosphoric acid 
Lpitated with a slight excess of acetate of lead in' the presence 
cohol. The solution is filtered, and the excess of lead pre- 
ated with sulphuretted hydrogen. The filtrate from this is 
orated to dryness with an excess of hydrochloric acid, and 
i^esidue, consisting of the mixed chlorides, is gently ignited 
"Weighed. In many cases (such as the analysis of slags and 
ome natural silicates where the percentage of alkalies is 
J.) the percentage of soda and potash (which most commonly 
rr) need not be separately determined. It is sufficient to report 
proportion of mixed alkalies; which is thus ascertained: — 
olve the ignited and weighed chlorides in 100 c.c. of distilled 
>T, and titrate with the standard solution of silver nitrate 
ig potassic chromate as indicator) in the manner described 
ir GhloTine. The c.c. of silver nitrate used gives the weight 
xUligrams of the chlorine present. Multiply this by 0.775, 
deduct the product from the weight of the mixed chlorides. 

will give the combined weight of the alkalies (Na^O and K,0) 
ent. For example, 0.0266 gram of mixed chlorides required 
dtrating 14.2 c.c. of silver nitrate, which is equivalent to 
42 gram of chlorine. This midtiplied by 0.775 gives o.oiio 
a deducted from the weight of the mixed chlorides. 

Mixed chlorides . . . .0.0266 gram 
Deduction 0.0 no „ 



Mixed alkalies • • • . 0.0156 „ 

asuming this to have been got from i gram of a rock, it would 
cmt to 1.56 per cent, of " potash and soda." 
le relative proportions of the potash and soda can be 
Ttained from the same determination. Sodium and potassium 
ride^ have the following composition : — 




Coacec^z^^'- :, ii; a rr'-^'t.— 
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ammonic sulphide, and ammonte oarbonate, filtering, where neces- 
sary, will yield a filtrate contiiining the whole oi the alkiilies with 
ammonic salts and, perhaps, magnesia. 

Th.e filtrate is evaporated in a. small porcelain dish, with the 
addition of nitric acid towards the finish. It is carried to dryness 
and ignited. The residue is taken up with a little water, treated 
with a few crystals of oxalic acid, and again evaporated and 
ignited. The alkaline salts are extracted with water, and filtered 
from the magnesia into a weighed platinum dish. The solution 
is then evaporated with an excess of hydrochloric acid, ignited at 
a low red heat, and weighed. The residue consists of the mixed 
alkaline chlorides, 

For substances (such as most silicates and similar bodies) not 
CMJmpletely decomposed by acids, Lawi-ence Smith's method is 
generally used. This is as follows ; — Take from o.j to i gram of 
the finely powdered mineral, and mix, by rubbing in the mortar, 
with an equal weight of ammonium chloride. Then mix with eight 
times aa much pure calcium carbonate, using a part of it to rinse 
out the mortar. Transfer to a platinum crucible, and heat gently 
over a Bimsen burner until the ammonic chloride is decomposeil 
(five or ten minutes). Kaise the heat to redness, and continue at 
this temperature for about three quarters of an hour. The crucible 
must be kept covered. Cool, and turn out the mass into a 4-inch 
evaporating dish ; wash the crucible and cover with distilled 
water, and add the washings to the dish ; dilute to 60 or 80 c.c, 
and heat to boiling. Filter and wash. Add to the filtrate about 
1.5 gram of ammonium carbonate ; evaporate to about 40 c.c, and 
add a little more ammonic carbonate and some ammonia. Filter 
into a weighed platinum diah, and evaporate to dryness. Heat 
gently, to drive oft' the ammonic chloride, and ignite to a little 
below redness. Cool and weigh. Tlie I'esidue consists of the- 
mixed alkaline chlorides. 

Separation of the AlkaJi-Metala from each other. — 
Sodium and lithium are separated from the other alkali-metala by 
taking advantage of the solubility of their chlorides in the pre- 
sence of platinic chloride; and from one another by the formation 
of an almost insoluble hthio phosphate on boiling with a solution 
of Bodium phosphate in a shghtly alkaline solution. Cresium, 
t-ubidium, and potassium yield precipitates with platinic chloride, 
which are somewhat soluble, and must be precipitated from con- 
centrated solutions. Caesium and rubidium are separated from 
potassium by fractional precipitation with platinum chloride. 
Their pi aii no-chlorides, being less soluble than that of potassium, 
»re precipitated first. One hundred parts of boiling water dia- 
Bolve S.i3 of the potassium platino-cbloride, 0.634 of the rubi- 
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ohloi'iilp, witb tbe exMs rf jJatinum, is boiled, nuxed with 6iil- 
pliurio MiA, ei-aporated to dryMss, and ignited. On extracting 
with wiitcr, filtering, evapoating, and igniting, sodium sulph*» 
is left, and U weighed as such. 

It is more usual, and quite as satisfactory, to calculate tM 
woiclit of the sodium chloride by difference from that of ttfl 
- • • chlorides, by subtracting that of the potassium chlorii*, 



• ResolTed it 



with a powerful spectroscope. 
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which is separately determined. For example, i gram of a rock 
gave — Mixed chlorides, 0.0266 gram, and 0.0486 gram of potassic 
platino-chloride. This last is equivalent to 0.0149 gram of potas- 
siiuu chloride. 

Mixed chlorides found . . 0.0266 
Deduct potassium chloriLle . 0,0149 



Leaves sodium chloride . . 0.0117 

The weight of sodium chloride found, multiplied by 0.5302, 
gives the weight of the soda (Na,0). 

GBAVIMETBIC DETERMINATION. 

The solution, which must contain no other metal than sodium, 
is evaporated in a weighed platinum crucible or dish. Towards 
the finish an excess, not too great, of sulphuric acid is added, and 
the evaporation is continued under a loosely fitting cover. The 
residue is ignited over the blowpipe, a fragment of ammonic car- 
bonate being added towards the end, when fumes of sulphuric 
ax;id cease to be evolved. This ensures the removal of the excess 
of acid. The crucible is cooled in the desiccator, and weighed. 
The substance is sulphate of soda (NajSO^), and contains 43.66 
per cent, of soda (Na,0), or 32.38 per cent, of sodium (Na). 

VOLUMETRIC METHODS. 

There are various methods used for the different compounds of 
sodium. There is no one method of general application. Thus 
with " common salt " the chlorine is determined volumetrically ; 
and the sodium, after deducting for the other impurities, is 
estimated by difference. 

With sodic carbonate and caustic soda, a given weight of the 
Bample is titrated with standard acid, and the equivalent of soda 
estimated from the alkahnity of the solution. 

With sodium sulphate, a modification of the same method is 
used. To a solution of 3.55 grams of the salt contained in a half- 
litre flask, 250 c.c. of a solution of baryta water is added. The 
Volume is made up to 500 c.c. with water. The solution is mixed 
a«nd filtered. Half of the filtrate is measured off", treated with a 
current of carbonic acid, and then boiled. It is transferred to a 
tialf-litre flask, diluted to the mark, shaken up, and filtered. 
250 c.c. of the filtrate, representing a quarter of the sample taken, 
is then titrated with standard acid. The standard acid is made 
Vyy diluting 250 cc. of the normal acid to i htre. The c.c. of 
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of dried and powdered IdieiMle, and mix and f oee with 5 gruni of 
ukre in tb« msDiier described. Place tbe dish and its contodl 
in the titrating-di^ extract with water, add 10 gr&ins of sodiini 
aoeta-le sod 10 c.c of acetic acid, remove and irash the platiniM- 
dlth, and dilute to 500 c.c- ; boll and titrate. In the example, 
duplicate determinationB required (a) 32.0 c.c, (6) 32.25 ca, 
giving an average of 32.1 pet cent, of sulphnr. 

Determination of Sulphur in Chalcopyrite (Ydlow 
Copper Ore). — Take r gram of the finely-powdered .=aniple. and 
5 grams of nitre. Spi-inkle a little of the nitre in a .?m.all Wed|' 
wood mortar, place the ore on it, and cover with 3 or 3 gramsmore 
of the nitre. Rub up together, and transfer to a small porcelain 
diiih ; clean out the mortar with the reet of the uitre, and add to 
theoonteiitH of the dish. Cover with a piece of platinum f<ul, and 
heat gently with a Bunsen burner till the nitre melts and the etui 
tshowB ttigns of deflagrating ; remove the heat, and allow tin 
action to go on by itself for a minute or so, then heat over tin 
Bunsen burner tor 10 minutes. Cool ; transfer the whole to tbe 
titratiiig-diah ; boil with 500 c.c. of water ; remove the small disb 
and foil ; add sodio acetate and acetic acid, and titrate. 

For example, i gram required 34.5 c.c. of " barium chloridB' 
^standard = 1.005 gram S), which is equivalent to 34.7 per Mat. 
«ulphur. The theoretical percentage is 34.8. 

Determination of Bolphur in Chalcocite (Grey Copper 
Ore). — Proceed us in the last experiment, but, since the action with 
jiitre is more moderate, no special precautions need be taken od 
heating. A platinum dish may be used. 

An example which was heated for 30 minutes required 20.5 CO. 
sf tbe barium chloride eolutdon. This is equivalent to 30.6 per 
cent, of sulphur. The theoretical yield is zo.z per cent. 

Determination of Sulphur in Fyritsa. — ^Take i gram of 
the tinely-powdered sample, cover with 10 c.c. of nitric acid, and, 
when action has ceased, evaporate to a small bulk. Add 3or4cf 
of hydrochloric acid, and again evaporate to a paste. Take n 
with I or 1 ac. of dilute hydrochloric acid, dUute with W3t«, 
transfer ton titmting-dish, add lograms of sodic ac«tateand5M. 
of noetic acid, and dilute with water to 500 c.c. Boil and 
tilrftte. 

An example with i gram of a pure crystallized pyrites reqoireil 
59.7 O.C. of the barium chloride solution, which is equivalent to 
5,1'0 IH>r c«ut. of sulphur. Theory requires 53.3 per cent of 
«»l|iliiir. 

Determination of Sulphur in Kispickel. — ^Take i gran 
iJ Ihtt [uradi'ivd oTO and evaporate with 10 c.c. of nitric acid, and 
wke Ul> with 3 or 4 c.c. of hydrochloric acid. If anj gl(j * ** 




(KNOj), and as silicate in many minerals, ench as orthockse {or 
potash- felspar) and mHscovite (or potash-mica). 

Potassium compounds are detected by tlie characteristic violet 
colour they impart to the flamo. The presence of sodium salts 
masks this tint, but the interference can be neutralised by view- 
ing the flame through a piece of blue glass. Viewed through the 
spectroscope, it shows a characteristic line iu the red and another 
in the violet. These, however, are not so easy to recognise or 
obtain as the Bodium one. Concentrated solutions of potassium 
salts give e, yellow erj-stalline precipitate with platinum chloride, 
and a white crystalline one with the acid tartrate of soda. For 
these testa the solution is best neutral. These tests are only 
applicable in the absence of compounds other than those of potas- 
slum and sodium. 
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This process serves for its sepni-ation from sodium. Take 

gram of the sample and dissolve it in an evaporating dish with 
50 c.c. of water. Acidify with hydi-ochloric a«id in quantity 
sufficient (if the metals are present as chlorides) to make it acdd, 
or, if other acids are present, in at lea.\st such quantity as vrill 
provide the equivalent of chlorine. Add 3 gi'ams of platinum, 
in solution as platinum chloride, and evapoi'ate on a water-hath 
to a stiff paste, but not to dryness. Moisten with a few drops of 
platinic chloride solution without breaking up tho paste by 
stirring. Cover with zo c.c. of strong alcohol, and wash the 
crystals as much as possible by rotating the dish. Allow to 
settle for a few moments, and decant through a filter. Wash in 
the same way two or three times until the colour of the filtrate 
shows that the excess of the platinum chloride used is removed. 
Wash the precipitate on to the filter with a jet of alcohol from 
the wash-hottle; clean the filter-paper, using as little alcohol as 
possible. Dry in the water-oven for an hour. Brush the pre- 
cipitate into a weighed dish, and weigh it. It is potassium 
platino-chloride (K^Clj), and contains 16.03 P^*" '^''"t. of potas- 
sium, or 30.56 per cent, of potas-iium chloiide (KCl), which is 
equivalent to 19.3 per cent, of potash (E,0). 

If the filter-paper is not free from precipitate, hum it and weigh 
separately. The excess of weight over that of the ash will be 
due to platinum and potaissic chloride (Pt and zKCl). This mul- 
tiplied hy 1. 413 will give the weight of the potassic platino- 
chloride from which it was formed. It must be added to the 
■weight of the main precipitate. 

The mixed alkaline chlorides obtained in the usual course of 
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the fancy of the aasayer. Soluble sulphates are determined 
sepamtelj by extracting with eaiall quantities of cold water, bo as 
to avoid th« separatioii of basic sulphates, or, if the sulphida 
present are not at the same time attacked, by dilute hydrochloric 
acid. Lead sulphate may be extracted by boiling with ammonio 
acetate; whilst barium, strontium, and, perhaps, calcium sulpbate, 
will be mainly found in the residue insoluble in acids. 

Weigh up from 2 to 5 grams of the material aecording to the 
amount of sulphur judged to be present, and dissolve them in the 
titrating-dish with i c.c. of hydrochloric a«id and 50 cc. of water. 
Add 10 grams of sodic acetate, and 10 c.c. of acetic acid ; dilute, 
boil, and titrate. In the case of ferric salts, half the quantity of 
acetic acid will be better, as then the ferric iron will be precipi- 
tated, and a colourless solution will be left, in which the end re- 
action is more readily distinguished. 

Determined in this way, 5 gram samples of the following aaha 
gave the results indicated below : — 



Copper salphate 


. 64.25 cc. 


... 32.127. 


Magnesium sulphatn 


: n : 


32.63 „ 


Ziuo sulphate . 


28,12 „ 


TerrouB sulphate . 


■ 58.25 .. 


J9,ii„ 


Sodium sulphate . 


■ 5'-2S .. 


35.60 „ 



L 



Determination of Sulphuric Oxide in Barytes (Heavy 
spar), — Fuse 2 grams of the powdered mineral with 5 grama of 
" fusion mixture " for five minutes ; and, when cold, extract with 
water. Filter, acidulate the filtrate with an excess of 10 c.c. rf 
acetic acid, dilute, boil, ami titrate. For example, a transparent 
crystallised sample required 27.0 c.c. of barium chloride, which ii 
equivalent to 13,6 per cent, of sulphnr, or 34.0 per cent, of sul- 
phuric oxide. Theory requires 34.3 per cent, of the latter. 
Since both carbonate of soda and potash are liable to contain 
sulphateit, a blank determination should he made on 5 grams of 
the " fusion mixture," and the amount found be deducted from 
that got in the assay. 

PRACTICAL EXER0ISE3. 

I. The price of snlphur in an ore being ^^d. per unit In the noitbein 
tnarkets, what would be the price of a, ton of ore contalaii^ 
49 per cent, of sulphur ? What would be the effect on the price 
of an error of 0,25 per cent, in the assay! 

a. Pyrites carries Jo per cent, of sulphur, and on calcining yields 70 per 



a weight of burnt 
3.5 per cent, of sulphur, what proportii 
been removed in the cakining ? 
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slowly soluble in water. The carbonate is not freely soluble. 
Lithia is completely precipitated by sodic phosphate, especially in 
hot alkaline solutions. 

In its determination the mixed alkaline chlorides obtained in 
the separation of the alkalies are dissolved in water, a solution of 
soda is added in slight excess, and the lithia precipitated with 
sodic phosphate. Before filteiing, it is evaporated to dryness and 
extracted with hot water rendered slightly ammoniacal. The 
residue is transferred to a filter, dried, ignited, and weighed. 
The precipitate is lithium phosphate (sLi^O, P,Oj), and contains 
38.8 per cent, of lithia. The separation of lithia from magnesia 
is not given by the usual authorities. Wohler recommends 
evaporating the solution to dryness with carbonate of soda. On 
extracting the residue with water, the lithia dissolves out and is 
determined in the filtrate. One hundred parts of water dissolve, 
at the ordinary temperature, 0.769 parts of lithium carbonate- 
(LigCOj) ; the basic magnesia compound is almost insoluble in the-i 
absence of carbon dioxide and ammonium salts. 

CAESIUM. 

The oxide of caesium, caesia (CsjO), is found associated witt 
lithia in lepidolite, &c., and, together with rubidium, in many 
mineral waters. The mineral pollux is essentially a silicate of 
alumina and caesia ; it contains 34.0 per cent, of the latter 
oxide. 

Caesium is best detected by the spectroscope, its spectrum 
being characterised by two lines in the blue and one in the red ;; 
the latter is about midwav between the lithium and sodiunii 
lines. 

If not 'detected by the spectroscope, or specially looked for,., 
caesia would, in the ordinary course of work, be separated witb* 
the potash and weighed a^ potassium platino-chloride. 

Caesia is separated from all the other alkalies by adding to the* 
acid solution of the mixed chlorides a strongly acid cold solutioni 
of antimonious chloride. The acid used must be hydrochloric 
The caesium is precipitated as a white crystalline precipitate 
(CsCl.SbClj), which is filtered off, and washed, when cold, with 
strong hydrochloric acid ; since it is decomposed by water or on 
warming. The precipitate is washed into a beaker, and treated 
with sulphuretted hydrogen ; after filtei ing off the sulphide of 
antimony, the solution leaves, on evaporation, the caesiTim as 
chloride. 
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solutions and reagents which leave nothing behind on heating. 
It must be remembered, however, that, although ammonic chloride 
is volatile, it cannot be volatilised in the presence of substances 
which form volatile chlorides without loss of the latter. For 
example : ferric oxide and alumina are thus lost, volatilising as 
chlorides ; and there are some other compounds (notably ammonic 
magnesic arsenate) which on heating to redness suffer reduction. 
The presence of ammonic chloride in such cases must be avoided. 

Detection. — Compounds of ammonium are detected by their 
evolving ammonia when mixed or heated with any of the stronger 
bases. The ammonia is recognised by its odour, by its alkaline 
reaction with litmus paper, and by yielding white fumes, when 
brought in contact with fuming acid. In consequence of the use 
of ammonium salts and ammonia as reagents, it is necessary to 
make a special test for and determination of ammonium.* In 
the ordinary course of work it will be "lost on ignition." The 
determination presents little difficulty, and is based on the method 
used for its detection. 

Solution and Separation. — ^Although ammonium salts are 
isoluble in water, there is no necessity for dissolving them. The 
eompound containing the am- 
monia is boiled with an alkaline 
solution ; and the liberated am- 
monia condensed and collected. 
The substance is weighed out into 
A flask of about 200 c.c. capacity. 
The flask is closed with a rubber 
cork perforated to carry a 20 c.c. 
pipette and a bulb exit tube. 
The latter is connected with a 
receiver, which is a small flask 
containing dilute hydrochloric 
acid (flg. 61). The flask contain- 
ing the substance is corked, and 
the greater part of the soda solu- 
tion is run in from the pipette. 

The solution is then boiled. The ammonia volatilises, and is 
<*arried over into the hydrochloric acid, with which it combines to 
form ammonic chloride. The distillation is carried on gently until 
the bulk of the liquid is driven over. The ammonia in the 
receiver will be mixed only with the excess of hydrochloric add. 
This separation is used in all determinations. 

* Ammoninm componnds are frequently prodaced when dissolving 
metals in nitric acid; or when nitrates are heated in the presence of tha 
; metals. 
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GRAVIMETEIC DETBHMINATION. 

B cantente <d the &ask are transferred to a n-eighed platjnun 

1 the water-bath. It is dried untfl tbt 

"Die chloride of ammoniuiD renuiiiis fts i 

Mling in a desiccator, is weighed. It 

B SS-7* par cenk. of anunonium (NH^), or 31.85 per cent. 

'ft (NHJ. Ob hnaling over the tiunsen burner it s 



:C DETEBMHTATIOIf. 

^ML7giB^4ittaaafa6taDc« and plaoe it in the Snet. 

»^3a«caf tt**acvikl KiInttoD of acid, place themin 

" k aa equal rolume of water. Rnn in 

t (jt^ ^ifBKOg the clip) zo c.c. of a strong 

t of MB, bait tntil Ae unmonia has passed orer, and 

■ • cttiTtPt of ■» rt—nghthe apparatus. Digconnect 

* dab its eoalMte with methj-1 orange. Titrate 

il with a I iMwl solution of aJkali. Divide 

, 0^ tiw "alkali" stdvtan nmd hy 2, and deduct from 

The difference wifl gi\-e the number of c.c of tbe 

1 solution neutralised by tie ammonia diatiDed otm. 

it " acid " so neutraJifed. represents 1 per cent, of 

the sample. If the results are to be reported as 

i.S gram of the &ample is taken instead of 1,7 gram. 

COLOBIMETBIC DETBKMINATIOIf. 

Nessler's " reagent, which stritet» 

monja, eren with a few hundredtis 

,c. of liquid. With larger quantities of 

A the reagent gives a precipitate. This reagent is a stroDgl; 

solution of potassic mercuric iodide; and is thus made:— 

'tf't aoliUion .- Dissolve 17 grams of mercuric chloride in 

{ water ; aad add the solution to one of 35 grams oi 

■ iodide in 100 c.c. of water until a permanent predpitste 

Both solutions must be cold. Then make up to * 

■ adding )« 10 per cent, solution of potash. Add more of 

uumi'" wiloride (a little at a time) until a permanent pi^ 

1 formed. Allow to settle, decant, and use liie 

htt*""^*"' *"" ''**' &c, are used for each 100 c.c, of liquid tu 



i made by dissolving 0.315 
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gram of Mnnwnift cfakride in water, and dilutiug to 100 cc 
Ten C.C. of this are taken and dilated to i litre. One cc. contains 
0.0 1 milligram ci anmionia (KH,). 

In working, the sedation containing the ammonia is dfluted to a 
definite volame, and to soch an extent that 50 c.c. of it shall not 
contain more than 0.02 or 0.03 milligram of ammonia. Fifty cc 
of it are transfeiTed to a Nessler glass and mixed with 2 cc. of 
Nessler^s reagent. The ooloar is noted, and an estimate made as 
to the amount of ammonia it indicates. A measured quantity of 
the standard ammonia, judged to contain ahout as much ammoniai 
as that in the assay, is then pat into another Nessler glass. It is 
diluted to 50 cc. with water, and mixed with 2 cc. of " Nessler.** 
After standing a minute or two, the colours in the two glasses 
are compared. If the tints are equal, the assay is finished ; but 
if the standard is weaker or stronger than the assay, another 
standard, containing more or less ammonia, as the case may be, 
must be prepared and compared with the assay. Two such 
experiments will generally be sufficient ; but, if not, a third must 
be made. The addition of more standard ammonia to the solution 
to which the " Nessler " has already been added does not give a 
satisfactory result. 

When tiie ammonia in 50 c c. has been detemiined, that in the 
whole solution is ascertained by a suitable multiplication. By 
10, for example, if the bulk was 500 ac, or by 20 if it was a litre. 

Distilled water is used throughout. It must be free from 
ammonia; and is best prepared by distilling an ammonia-free 
spring water. 
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VOLUMETBIC METHODS. 

There are two methods : one for determiDUig' t 

% and the other in the higher state of oxidatiou. In ths 
first-mentioned metliud this is done by titiating with, a stuDdiird 
solution o£ iodine ; and in the latter with a solution of uranium 
acetate. Whei-e the arsenic already exists as arsenious oxide, or 
where it is most conveniently separated by distillation as arseni- 
ous chloride, the iodine method should be used ; but when t!i9 
s separated as ammonic-magnesic arsenate or t 
a acet-ate titration should be adopted. 
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This ia based on the fact that sodium arsenite in a solution a 
taining an excess of bicarbonate of soda in indirectly oxidised by 
iodine to sodium arsenate,* and that an excess of iodine may be 
recognised by the blue colour it strikes with starch. The process 
is divided into two parts— (i) the preparation of the solution, and 
(2) the titration. 

Freparation of the Solution. — For substances like eruils 
arsenic, in which the arsenic is present as arsenious oxide, the 
method is as follows : — Take a portion which shall contain from 
0.35 to 0.5 gram of the oxide, pluce 
in a beaker, and cover with 10 c.o. of 
sodic hydrate solution ; warm till dis- 
solved, put a small piece of litmus 
paper in the solution, and render add 
with dilute hydrochloric acid. Add j 
2 grama of bicarbonate of soda in solu- 
tion, filter (if necessary), and dilate to 
100 c.c. The solution is now reaiiy 

il I J I for titrating. 

S^-O Where the arsenic has to be sepa- 

^ 1 rated as arsenious chloride, the process 

F,o. 68. is as follows :t — Weigh up i gram of 

the finely-powdered ore (metals should 
be hammered out into a thin foU or be used as filings), and ptsc9 
in a i6-ounce flask provided with a well-fitting cork, and con- 
nected with a U-tube, as shown in the drawing (fig. 68). The 
U-tube should contain 2 or 3 c.c, of water, and is cooled by heing 

• Na,AEO, + H,0-i-zI = Na^O,-i-2HI. The acid Is at once neutraliwd. 
t Mr. Thomas Gil>b U the originator of this ingeaious piocsss. 




OXIDES. 

Oxides are abundant in nature, almost all tlie commonly oi 
ring bodies being oxidieed. Water (H,0) contains 88. S per < 
of oxygen ; silica, lime, alumina, magnesia, and the other earths 
are oxides, ami the oxides of the heavier metals are in many ci 
important ores ; as, for example, cassiterite (SnO,), htematite- 
(Fe,0,), magnetite (Fe,0,), and pyrolusite (MnO,). In fact, the 
last-named mineral owes its value to the excess of oxygen it con- 
tains, and may be regarded as an ore of oxygen rather than of 
manganese. 

Most of the metals, when heated to redness in contact with air, 
lose their metalhc lustre and become coated with, or {if the heat- 
ing be prolonged) altogether converted into, oxide. This oxide 
was formerly termed a " calx," and has long been known to 
weigh more than the metal from which it was obtained. For 
example, one part by weight of tin becomes, oi 
parts of oxide (putty powder). The student will do well to try 
the following experiments ; — Take ao grams of tin and heat them 
in a muffle on a scorifier, scraping back the dross as it forms, and 
continuing the operation until the whole of the metal is burnt to 
a white powder and ceases to increase in weight.* Take care to 
avoid loss, and, when cold, weigh tha oxide formed. The oxide 
should weigh 25.42 grams, which increase in weight is due to the 
oxygen absorbed from the air and combined with the metal. It 
can be calculated from this experiment (if there has been no loss) 
that oxide of tin contains 21.33 P^*" <*'!*■ oi oxygon and 78.67 
per cent, of tin. Oxidation is performed with greater conveni- 
ence by wet methods, using reagents, such as nitric acid, 
which contain a large proportion of oxygen loosely held. Such 
reagents are termed oxidising agents. Besides nitric add, 
permanganate of potash, bichromate of potash, and peroxide of 
hydrogen are largely used for this purpose. One c.c, of nitric- 
acid contains as much oxygen as s.^6 htres of air, and the 
greater part of this is available for oxidising piirposes. Try 
the following experiment : — Take 2 grams of tin and cover in a 
weighed Berlin dish with 20 c c. of dilute nitric acid, heat till ■ 
decomposed, evaporate to dryness, ignite, and weigh. The 
3 grama of tin should yield 2,542 grama of oxide. The in- 
crease in weight will be propoi-tiooally the same aa in the previous 
experiment by calcination, and is due to oxygen, which in this- 
case has been derived from the nitric acid. 
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The percentage of osygen in this oxide of tin (or in any of Hit 
oxides of the heavier metals) may be directly determined by heat- 
ing such oxides in a current of hydrogen, and collecting and 
weighing the water formed. 

It is found by experiment that SS.86 parts by weight of osygen, 
combining with 11.14 parts of hydrogen, form 100 parts of water; 
so that from the weight of water formed it ia easy to calculate 
the amount of oxygen the oxide eontained. 

Take I gram of the dried Q.nd powdered oxide and place it in a 
warm dry combustion tube. Place the tube in a. furnace, and 
connect at one end with a hydrogen apparatus provided with a 
sulphuric acid bulb for drying the gas, and at the other with a 
weighed SJulpburic acid tube for collecting the water formed. 
The apparatus required is shown in fig. 62. Pass hydrogen 
through the apparatus, and, M'hen the air has been cleM«d 1 




light the furnace. Continue the heat and cui'rent of hydrogen, 
for half an hour {or longer, if necessary). Allow to cool. Draw 
a, current of dry air through the weighed tube. Weigh. The 
increase in weight gives the amount of water formed, and thia, 
multiplied by 0.8886, gives the weight of the oxygen. The per- 
centage of oxygen thus determined should be compared with that 
got by the oxidation of the metal. It will be practically the 
same. The following insults can be taken as examples : — 

Twenty gi'ams of tin, calcined as described, gave 25.37 grama 
of oxide. 

Two grams of tin, osidiKed with nitric acid and ignited, gave 
2.551 grams of oxide. 

One gram of the oxide of tin, on reduction in a. current of 
hydrogen, gave 0.2360 gram of water (equivalent to 0.2098 gram 
of oxygen), and left 0.7900 gram of metal. 

Ten grams of ferrous sulphate gave, on strong ignition, 2.898 
grams of ferric oxide {Fe,Oj) * instead of 2.877. 

The student should similarly determine the percentage at 

oxygen in oxides of copper and iron. The former oxide may he 

prepared by dissolving 5 giams of copper in 50 c.c. of dilutenitrio 

* So magnetic oxide was formed. 
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Mate e, solution of arsenic by dissolving 6.60 grams of white 
arsenic in loo c.c. of sodio hydrate solution ; render slightly acid 
with hydrochloric acid; add 10 gi'ama of bicarbonate of soda, and 
dilute to I litre ; 100 c.o. will contain 0.50 gram of arsenic. 

Effect of Varying Temperatiire. — The reaction goes on 
very quickly in the cold, and, since there is no occasion for heat- 
ing, all titrations should therefore be carried out cold. 

Effect of Varying Bulk.^In these experiments, 20 c.c. of 
arsenic solution were taken, 2 grams of bicarhoiiate of soda and 
2 c.c. of starch solution added, and water supplied to the required 
bulk. The results were :— 



S0.0 






Considerable variation in bulk does nob inteifere. 

Effect of Varying Bicarbonate of Soda. — This salt must 
be present in each titration in considerable escess, to prevent the 
interference of free acid. The bicarbonate must be dissolved 
without heating, as neutral carbonates should be avoided. 



I gram 2 grams 5 grams 






These results show that large variation in the qu.intity of 
ticarbonate has no efi'ect. 

Effect of Free Acid. — In these experiments, the arsenic 
taken, the starch, and the bulk were as before, but no bicai'bonate 
waK added. In one case the solution was rendered acid with 5 c,c. 
of acetic acid, and in the other with 5 c.c. of hydrochloric acid ; 
in both cases the interference was strongly marked, and no aatis- 
factoiy finishing point could be obtained. This was much more 
marked with the hydrochloric acid. 

Effect of Foreign Baits. — The process for getting the arsenic 
into solution will exclude all metals except tin, hut the solution 
will be charged with sodium or amuioniuiu salts in the process of 
neutralising, so that it is only necessary to see if these cause 
any interference. The alkaline hydrates, including ammonia, 
are plainly inadmisaible, since no free iodine can exist in their 
presence. Monocarbonatea similarly interfere, but to a much less 
extent ; hence the necessity for rendci'ing the a.ssay distinctly acid 
before adding the bicarbonate of soda. 

With 20 c.c. of arsenic solution; and with >*ulk, soda, and 
fftarch as before, the results obtained were : — 
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tho other hand, they combine with sulphuric or hydrochloric aad, > 
playing the part of bases. 

The oxides known as " earths," when ignited, are many of 
them insoluble in acids, although easUy dissolved before ignition. 

It is common in complete analyses of minerals to meet with 
cases in which the sum total of the elements found falls short of 
the amount uf ore taken ; and here oxygen must be looked for. 
For example, this occurs in the case of a mixture of pyrites with 
oside of iron, or in a mixture of sulphides and sulphates. The 
state in which the elements are present, and the percentage (sny 
of sulphides and sulpliates) can in many cases be determined ; but 
this is not always required. When the difference between the 
sum total and the elements found is small, it is reported as 
" oxygen and loss." When, however, it is considerable, the oxygeo 
may be reported as such ; and its amount be either determined 
directly in the way already described, or calculated from the besi 
determination that can be made of the relative amounts of oxides, 
sulphides, sulphates, &.C., present. Such cases require a careful 
qualitative analysis to find out that the substance is present; 
and then the separation of each constituent is made as stiictly m 
possible. These remarks apply especially to ores of the heaiy 
metals. The separation of the constituents is effected with suit- 
able solvents applied in proper order. The soluble sulphates, for 
example, are extracted with water ; the oxides by the dilute adds 
or alkalies in which they are known to be soluble. The oxygen 
in the sulphates and oxides thus obtained is estimated by deter- 
mining the sulphur and mttals in the solutions, and calculating 
the amount of oxygen with ■which they combine. The metals of 
the earths and alkalies are almost invariably present as oxides, 
and are reported as such ; except it is known that they are present 
in some other form, sueb as fluoride or chloride. Thus, 6ili», 
alumina, lime, water, ire., appear in an analysis; even in iJioso 
cases where " oxygen and loss " is also mentioned. As an example 
of such a report, take the following amdysisof SpaDiah pyrites: — 



t 













Arsenic .... 
Lead .... 
Zinc. . • . . 
Lime .... 


: : I 






Osj-gcn and loss 


. . 1. 
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The following example will illustrate the mode of calculating 
and reporting. A mineral, occurring as hlue crystals soluhle in 
-water, and found on testing to he a mixed sulphate of iron and 
oopper, gave on analysis the following results : — 

Water 44-5t per cent. 

Sulphuric oxide 28.82 ,, 

Copper 8.44 „ 

Ferrous iron 11. 81 

Ferric iron 0.38 

Zino 0.28 






94.24 



There is here a deficiency of 5.76 per cent, due to oxygen. 
Nothing else could he found, and it is known that in the sulphates 
the metals exist as oxides. By multiplying the weight of the 
copper hy 1.252, the weight of copper oxide (CuO) will he ascer- 
tained; in this case it equals 10.57 per cent. The ferrous iron 
multiplied hy 1.286 will give the ferrous oxide (FeO) ; in this 
case 15.19 per cent. The ferric iron multiplied hy 1.428 will give 
the ferric oxide (Fe^O,) ; in this case 0.54 per cent. The zino 
multiplied hy 1.246 will give the zinc oxide (ZnO) ; in this case it 
equals 0.35 per cent. Tbe analysis will he reported as — 



Water . 
Sulphuric oxide 
Copper oxide . 
Ferrous oxide 
Ferric oxide • 
Zinc oxide • 



44-51 
28.82 

10.57 equal to copper 8.447, 
15.19 
0.54 

0.35 



99.98 



The following (A) is an analysis of a sample of South American 
oopper ore, which will serve as a further illustration. The 
analysis showed the presence of 6.89 per cent, of ferrous oxide, 
and some oxide of copper. 

The analysis (B) is that of an ore from the same mine after an 
imperfect roasting. It will he seen that the carhonates have heen 
converted into sulphates. If the total sulphur simply had heen 
determined, and the sulphate overlooked, the " oxygen and loss " 
would have heen 5.65 per cent., an amount which would ohviously 
require an explanation. 
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Water . 




0.2S 




Oi^nio tiii 




O.S4 




Sulphur . 




29.50 




Copper . 




10.9! 




Iron". . 




32.09 




Lead 




0.35 




Zinc . . 




0.S6 




Cobalt . 




0.06 




Lime 




S"S 




Magnesia . 




2-33 


... 


Sulptmric c 


xiJc 






Carbon diosMe. 


S.S7 




" iQBolable 


tilicnCes ' 


5-12 




Oxjgen and loaa 


2.86 








1^ 


Potash 
SqcUi. 






■WATER. 



onifjopper . , 
"■ 1 Copper oxide 
, _ (Iron . . M.ja 
35-73} Ferric oxide, j.^ 



Water occurs in mineralB in two forms, free and combined. 
The term " moisture" ought, etrictly, to be limited to the first, 
although, as has already been esplainecl, it is more convenieiit ii 
assaying to apply the term to all water which is driven off ot 
drying at 100° C. The combined water is really a part of tiie 
mineral itself, although it may be driven off at a high tempera- 
ture, which varies with the base. In sonle cases a prolonged reJ 
heat is required ; whilst with crystallised salts it is sometimes 
given off at the ordinary temperatures. This latter phenomeDon, 
known as effloreaeence, ia mostly confined to artificial salts. 

The determination of the combined water may often be made 
by simply igniting the substance from which the moisture bns 
been removed. The quantity of water may he determined, either 
indirectly by the loss, or directly by collecting it in a calcium 
chloride tube, and weighing. In some cases, in which the loss on 
ignition does not give simply the proportion of combined water, it 
can be seen from the analysis to what else the loss is due; and, 
after a proper deduction, the amount of water can be estimated. 
For example, i gram of cryBtallised iron sulphate was found to 
contain on analysis 0.2877 gram of sulphuric oside; nnd on ignit- 
ing another gram, 0.2877 gram of ferric oxide was left. As the 
salt is known to be made up of ferrous oxide, sulphuric osride, and 
combined water, the combined water can be thus calculated: 
0.3S77 gram of ferric oxide ia equal to 0.35S9 gram of f erroiw I 
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oxide,* and consequently, the loss on ignitioa haa been diminislied 
by o,oz88 gram, whicli is the weight of oxygen absorbed by the 
ferrous oiide during calcining. The loss on ignition was 0,7123 
gram, to which must be added o.oz88 gram; hence 0.7411 gram is 
the weight of the combined sulphuric oxide and water present. 
Deductmg the weight of sulphuric oxide found, 0.2877 graiii 
there is left for combined water 0.4534 gram. The compositioa of 
I gram of the dry salt is then : — 



Water . 
Sniphuric oiide 
FeirooB oiide . 



The following is another example : — A sample of malachite losv 
on ignition 38.47 per cent., leaving a residue which was found on 
analysis to be made up of oxide of copper (equal to 70.16 per cent, 
on ihe mineral), and silica and oxide of iron (equal to 1.37 per 
cent.). Carbon dioxide and water (but nothing else) was found 
to be present, and the carbon dioside amounted to 19.64 percent. ; 
deducting this from the loss on ignition, we have 8,8z as the per- 
centage of water present. The analysis was then reported as 



^0' 



Capric oside 
Silica and ferno ozMe 
Carbon dioxide . 
Water 



70. 16 equal to 56.0% copper. 



99.99 

Direct Determinatioii of Combined Water. — Transfer 
^b^t 3 grama of the substance to a piece of combustion tube (S 
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cr 10 inches long), attached (as in fig, 63) at one end to a U-tube 
wjntaining sulphuric acid, and at the other end to a calcium 

" Fe,0, : aFeO :: 0.2877 : 0.2589. 
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CHAPTER XV. 

OXTQEIf AlfD OXIDES.— THE HALOGEHS. 

OXYGEN. 

OxTOEN occurs in nature in tbe free state, forming 23 per cent Ij 
weight, or 21 percent, by volume of the atmosphere j but, sinceili 
ie a gas, ite presence is easilyoverlookedanditsimportauceuiida- 
estimated. Except in the examination of furs ace-gases, J»i.,tlie 
Assayer is not often called upon to determine its quantity, hat it 
forms one of his most useful reagents, and there are 
where he cannot afford to disregard its presence. It 
only in the air, but also dissolved io water ; ordinary 
taining on an average 0.00085 J**" cent, by weight, or 

Chemiealiy, it is characterised by i1 
«iaUy at high temperatures, with f 
important dass of compounds ( 
when rapid, is accompanied J 
hence oxygen is genendljl^ 
This property is ta' 
scorifying, cupellin 




JBg be yii l ii ^tpB) JNf^M- c— ■■■rf Mt%«Mite. Tl»«nie- 
-vas faMMi l y tanad k *'aih," aad lac 1^^ ko^ kamta •• 
veigk BMs'^n 4« aetaJ &eM '^■ih it «^ alMBai. Kr 

Hiii fiilii I iiij^ iijitliwli — HUhesapMRScftiBaBih^di^ 
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and diluting to I litre. Each c.c. equals o.i miUignuu of snSi- 
able oxygen. The following are also required : — i. A solntion of 
Bodium hyposulphite containing i gram of the salt (Na,S,Oj.sH,0) 
in I litre of water. 2. dlute sulphuric acid, made bj aacUag one 
part of the acid to three of water, and titrating with the perman- 
ganate eolation till a faint pink persists after warming for eevend 
hours. 3. Starch paste. 4. Potassium iodide solution. 

Take 250 c.c. of the water in a stoppered bottle, add 10 c.c. of 
sulphuric acid and 10 c.c. of the permanganate, and allow to stuii! 
in a warm place for four hours. Then add a few drops of the 
solution of putasBium iodide, and titrate the hberated iodine nith 
" hypo," using starch paste towards the end ua an indicator. To 
standardise the hyposidphite, take 250 c.c. of water and 10 c.c. of 
sulphuric acid, and a few drops of potassium iodide ; then rus in 
10 c.c. of the " permanganate " solution, and again titrate ; about 
30 c.c. of the " hypo " will be used. The difference in the two 
titrations, divided by the last and multiplied by 10, will give the 
c.c. of permanganate fiolution used in oxidising the organic matUr 
in the 250 c.c. of water. Each c.c, represents 0.04 parts of 
■oxygen in 100,000. 

Metals. — Tliese may for the most part be estimated colorimft- 
trioally. 

Iiead. — Take loo c.c. of the water in a Nessler tube, and add 
10 c.c. of sulphuretted hydrogen water, and compare the tint, if 
any, against a etandard lead solution, as described under (7ofori- 
metric Lead. Report in pai'ts per 100,000, 

Copper, — Proceed as with the last-mentioned metal; but, if 
lead is also present, boil down 500 c.c. to about 50 c.c, then add 
ammonia, filter, and estimate the copper in the blue solution, H 
described under Colorimefrte Copper. 

Iron. — Take 50 c.c, or a smaller quantity {if necessary), dilnte 
up to the mark with distilled water, and determine with potassiiun 
sulphocyanate, as described under Golorimetrio Iron. 

Zinc. — Zinc is the only other metal likely to be present ; and, 
since it cannot be determined colorimetrically, it must be separate^ 
estimated during the examination of the " total solids." 

Examination of " Total Solids." — Evaporate 500 cc to 
dryness with a drop or two of hydrochloric acid. Take up with 
hydrochloric acid, filter, ignite, and weigh the residue as " silica." 
To the filtrate add a little ammonic chloride and ammonia, boil 
and filter, ignite, and weigh the precipitate as " oxide of inn 
and alumina." Collect the filtrate in a small flask, add a few drop* 
of ammonium sulphide or pass sulphuretted hydrogen, cork t£e 
fiask, and allow to stand overnight ; filter, wash, and deteroiine 
the zinc gravi metrically as oxide of zinc. If copper or lead wei* 





mt, they should have beon previously removed with sul- 

' ' ed hydrogen in the acid solution. To the liltrate iidd 
.0 oxalate and ammonia, boil for some time, allow to stand. 
■, wash, ignite, and weigh as " lime." Evaporate the filtrato 
nitric acid, and ignite. Take up with a few drops of dilute 
Dcbloric Ewid, add baric hydrate in excess, evaporate, and 
t with water. The residue contains the magnesia ; boil mth 
sulphuric acid, lilter, precipitate it with phosphate of soda 
and ammonia, and weigh as pyrophosphate. The aqueous extract 
contains the alkahes with the escess of barium. Add sulphuric 
Acid in slight excess, filter, evaporate, and ignite strongly. The 
residue consists of the sulphates of the nlkaltea (which arc 
separately determined, as desci'ibed under Polaah). 

Sulphuric Oxidg (SO,).-~Take 200 c.c. and boil to a small 
.bulk with a little hydrochloric acid, lilter (if necessary), add baric 
chloride solution in slight excess to the hot solution, filter, ignite, 
and weigh as baric sulphate. 

Carbon Dioxide (ftee). — Carbon dioxide exists in waters in 
two forms, free and combined. The latter generally occurs as 
bicarbonate, although on analysis it ia more convenient to consider 
it as carbonate, and to count the excess of carbon dioxide with 
the free. The method is as follows : — To determine the free 
.carbon dioxide, take 100 c.c. of the water, place them in a flask 
with 3 c.c. of a strong solution of calcium chloride and z c.c. of a 
solution of ammonic chloride, nest add 50 c.c. of lime-water. The 
strength of the lime-water must be known. Make up to aoo c.c. 
with distilled water, stop the flask, and allow the precipitate to 
settle. Take out 100 c.c. ot the clear solution with a pipette, and 
titrate with the standaj^ solution of acid.* The number of c.c. 
required, multiplied by two, and deducted from that required for 
the 50 c.c. of lime-water, and then multiphed by 0.0045, ^"1' &^^ 
the carbon dioxide present other than as normal carbonates. 

Carbon Dioxide combined as normal carbonate. — 100 c.c. of 
the water are tinted with phenacetolin or lacmoid ; then heated 
to near boiling, and titrated with stiindard acid. The number of 
c.c. used, multiplied by 0.0045, "^^ S^^" t'^^ weight in grama of 
the combined carbon dioxide. 

Free Acid. — In some waters (especially those from mining 
.districts) there will be no carbomites. On the contrary, there 
-may be free mineral acid or acid salts. In these cases it is 
.necessary to determine the amount of acid (other than carbon 
.dioxide) present in excess of that required to form normal salts. 
This is done in the following way : — Make an ammoniacal copper 

gram of salphiiric acid. 
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Mlation by taking 13 grains of copper Bolpbate (CaSOj.5H,0), 
dtssolviiig in water, adding aolation of ammoma xmtil the precipi- 
tate first formed lias nearly dL«olved, and dilating to 1 litre. 
Allow to settle, and decant off the clear liquid. The strcngtli of 
thissolation is determined by titrating against 10 or aac.c.oFtlie 
Muidard eolation of sulpburic acid (loo c.c. = 1 gram H^). 
The finishing point is reached as soon as the solution becomes 
turbid from precipitated capric hydrate. At first, as each drop 
falLi into the add solution, ^e ammonia and cupric hydrate com- 
bine with the free acid to form ammonieand cupric sulphates j but 
as BOon as the free add is used up, the ammonia in the next drop 
not only precipitates an equivalent of cupric hydrate from the 
Bolution, hutalso throws down thatcarried byitself. Thismethod 
is applicable in the presence of metallic sulphates ol/ter than/eme. 
The Mtandardising and titration Bhould be made under the same 
conditiona. Since sulphuric acid and sulphates are predominant 
in waters of this kind, it is most convenient to report the acidity 
of tbo water as equivalent to so much sulphuric acid. 

DlBSolved Oxygen. — For the gasome trie method of analysing 
for dissolved oxygen, and for the Schiitzenberger'a volumetric 
method, the student is referred to Sutton's " Volumetric Analysis.' 
The following is an easy method of estimating the free oxygen in 
n water : — Take 20 c.c. of a stannous chloride solution (about 20 
grams of the salt with 10 c.c. of hydrochloric acid to the htre); 
add 10 c.c, of hydrochloric add, and titrate in an atmosphere of 
carbon dioxide with standard permanganate of potassium solution 
(made by dissolving 1.975 gram of the salt in i litre of water ; i c.c 
equals 0,5 milligram of oxygen). A similar titration is made with 
the addition of 100 c.c. of the water to be tested. Less permaa- 
ganale will be loquii-ed iu the second titration, according to the 
amount of oxygen in the water ; and the difference, multiplied bj 
o.S, ivill give the weight of the oxygen in milligrams. Smiifl 
quantities of nitrates do not interfere. 

In uEPORTiNO the results of the analysis, it is customary te 
combine the acids and bases found on Pome such principle aa the 
following : — The sulphuric oxide is calculated as combined with 
the potash, and reported as potasaic sulphate (KjSO^); the balance 
of Uie sulphuric oxide is then apportioned to the soda, and 
reported ns sulphate of soda (Ka^O,) ; if any is still left, it i* 
reported as calcium sulphate (CaSO,), and after that as magnesic 
Bulphnte (MgSO ). "When the sulphuric oxide has been satisfied, 
tie chloi-iiio is distributed, taking the bnses in the same order, 

Ut the nitric pentoxide, and lastly the carbon dioxide. But 
method for thus combining the bases and adds must be 
bntry and inaccunite. It is extremely improbable that any 



WATEB. 313 

simple statement can represent the manner in which the bases 
and adds are distributed whilst in solution ; and, since different 
chemists are not agreed as to any one system, it is better to give 
up the attempt, and simply state the results of the analysis. This 
Has only one inconvenience. The bases are represented as oxides ; 
and, since some of 'them are present as chlorides, the siun total of 
the analysis will be in excess of the actual amount present by the 
weight of the oxygen equivalent to the chlorine present as 
chloride. The following is an example of such a statement : — 

Parts per xoo,ooo. 

Total solids, dried at ico** C 28.73 

Chlorine 1.70 

Nitrogen as nitrate • • . • » .0.03 

Ammonia 0.001 

Albuminoid ammonia 0.004 

" Oxygen consumed " in 4 hours . • • • o.oi 

The solids were made up as under : — 

Per zoo,ooo of the Water. 

Potash • • 0.38 

Soda 2.01 

Magnesia 1.44 

Lime 10.55 

Ferric oxide o.oi 

Silica 0.30 

Sulphuric oxide 3.69 

Nitrogen pentoxide o. 1 1 

Carbon dioxide • .8.38 

Chlorine • .1.70 

Volatile and organic matter . • • . 0.66 

29.23 
Less oxygen equivalent to chlorine found • • 0.39 

28. 84 

For the preparation of distilled water, the apparatus shown Ib 
fig. 64 is convenient for laboratory 
use. It consists of a copper retort 
heated by a ring gas-burner, and con- 
nected with a worm-condenser. 

PRACTICAL ESERCISE. 



A mineral, on analysis, gave the following 
results : — ^Water, 44.94 per cent. ; sulphuric 
oxide, 28.72 per cent. ; ferrous iron, 13.92 
per cent. ; ferric iron, 0.35 per cent. ; ^^^' 64* 

copper, 6.1 per cent. The mineral was 

soluble in water, and showed nothing else on testing. How would yod 
report the analysis 2 Calculate the formula for the salt. 





TEXT-BOt>K OF ASSAYING. 



THE HALOGENS. 




I 



Tliere in a group of cloaely allied elements to wluch the 
halogen (salt-producer) has been given. It comprises chlorise, 
bromine, iodine, and fluorine. These element^ combine directly 
with metain, forming as man^ series of salts (chlorides, bromide^ 
iodides, and fluorides), coires^nndiag to the respectiTe oxides, but 
difTering in their formulee by having two atoms of the halogen in 
the place of one atom of oxygen. For example, ferrous oxide is 
FeO and ferroim chloride is FeCl,, and, again, ferric oxide is 
Fe,0„ whilst ferric chloride is Fe,Cl,. These salts differ from the 
caroonates, nitrates, 4c., in containing no oxygen. OoDsequently, 
it is incorrect to speak of such compounds as chloride of potash, 
fluoride of lime, ic, since potash and lime are oxides. It is im- 
portant to bear this in mind in reporting analyses in which detOT- 
minations have been made, say, of chlorine, magnesia, and potasli, 
or of fluorine, silica, and alumina. It is necessary in aU such 
cases to deduct from the total an amount of oxygen equivalent to 
the halogen found, except, of course, where the base has been de- 
termined and recorded as metal. Compounds containing oxide; 
and fluorides, itc, do not lend themselves to the method of deter- 
mining the halogen by diflference, For example, topaz, which, 
according to Dana, has the formula Al,9iO,F„ would yield in 
the ordinary course of analysis — 




I 



Silici 



The oxygen equivalent to 20,6 per cent. Suorine may ba 
found by multiplying the percentage of fluorine by 0.421 ; it ia 
8.7 per cent., and must ba deducted. The analyRis would then be 
reported thus : — 



uqiiivalLTjt to fluorine 



Take ns an illustration the following actual analysis by F, W. 
,Clarke and J. S. Diller :— 
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Alnmina 57-33'', 

Silica 31-^ 

irinorine 16.9U 

Potaflh 0.15 

Water 0.2a 

107.97 
Dednot oij-gen equivalent 7.16 



In calculating the factor for the "oxygen equivalent," divido 

the weight of one atom of oxygen (16) by the weight of two 

atoms of the halogen ; for example, with chlorine it would lie 

^ or 0.2253 i "it'h bromine, -^-g^, or o.iooo; with iodine, ^'j'j-i 

Mr 0.063 ; and with fluorine, ^^, or 0.421. 



f CHLORINE AND CHLORIDES. 

Chlorine occurs in nature chiefly combined with aodium, aa 
halite or rock salt (NaCi). With potassium it forms aylvine 
(KCl), and, together with magnesium, carnaUite ( KCl,MgCl,.6H,0). 
Of the metalliferous minerals containing chlorine, kerargyrite, 
or horn silver (AgCl), and atacamite, an oxjchloride of copper 
(CuCl,.3Cu(H0),.) are the moat important. Apatite (phosphate 
of lime) and pyromorphite (phosphate of lead) contain a consider- 
able amount of it. Chlorine is a gas of a, greenish colour, possess- 
ing a. characteristic odour, and moderately soluble in water. It 
does not occur native, and is generally prepared by the action of 
an osidising agent on hydrochloric acid. It combines direcbly 
with metals at the ordinary temperature (even with platinum 
and gold), forming chlorides, ■which (except in the case of silver) 
are soluble. 

It is important in metallurgy, because of the extensive use of it 
in extracting gold by "chloridising" processes. It is also used 
in refining gold. 

Detection. — Compounds containing the oxides of chlorine are 
not found in nature, because of the readiness with which they lose 
oxygen. By reduction they yield a chloride ; the form in which 
chlorine is met with in minerals. In testing, the compound sup- 
posed to contain a chloride is boiled with water, or, in some cases, 
dilute nitric acid. To the clear solution containing nitric acid a 
few drops of nitrate of silver solution are added. If, on shaking, 
a white curdy precipitate, soluble in ammonia, separates out, it is 
sufficiently satisfactory evidence of the presence of chlorides. 
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Solution aod Separation. — The chlorides are geoerall^ 

soluble in water, and ate got into solution by extracting- with 
dilute nitric acid. Or, if insoluble, the substance Ib fnsed 
with carboDate of soda, extracted with water, and the filtrate 
acidified with nitric acid. For the determination, it is not neces* 
sary to obtain the solution of the chloride free from other acids or 
metals, Jf tin, antimony, mercurj-, or platinum is present, it is 
beat to separate by means of sulphuretted hydrogen. The chloride 
is determined in the solution after removal of the exce^ of the 
gas. Where traces of chlorides are being looked for, a blank es- 
periment is made to determine the quantity introduced with tbe 
reagents. One hundred c.c. of ordinary water contains from 
1 to 3 milligrams of chlorine. On the addition of nitrate of 
silver to the nitric acid soluti-on, chloride of silver separates oat 
This is free from other substances, except, perhaps, bromide and 
iodide. 

GBATTMETBIC DE TEEM IN ATI OH". 

Freely mix the solution containing the chloride with dilute nitric 
ncid, filter (if necessary), and treat with nitrate of silver. Heat 
nearly to boiling, and, when the precipitate has settled, filter, and 
wash with hot distilled water. Dry, and transfer to a weighed 
Berlin crucible. Burn the filter-paper separately, and convert any 
reduced silver into chloride by alternate treatment with drops 
of nitric and of hydrochloric acid. Add the main portion to 
this, and heat cautiously till the edges of the mass show signs of 
fusing (about 260°). Cool in the desiccator and weigh. The 
substance is chloride of silver (AgCl), and contains 24.73 P^ 
cent, of chlorine. 

The precipitated chloride is filtered and washed as soon as pos- 
sible after settling, since on exposure to light it becomes purple, 
and loses a small amount of chlorine. 



VOLTJMETEIC METHOD. 

There are several volumetric methods ; but that based on the 
precipitation of silver chloride in neutral solution, by means of a 
standard solution of silver nitrate (using potassium chromate as 
indicator), is preferred. Silver chromate is a red-coloured salt; 
and, when silver nitrate is added to a solution containing both 
chloride and chromate, the development of the red colour marks 
off sharply the point at which the chloride is used up. Silver 
chromate in decomposed and consequently decolorised by solution 
of any chloride. The solution for this method must be neub * 
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since free acid prevents tlie formation of the red silver chromate. 
If not already neutral, it ia neutralised by titrating cautiously 
with a solution of soda. In a neutral solution, other substances 
(such as phosphates and arsenates) also yield a precipitate with 
a solution of nitrate of silver ; and will count as chloride if they 
are not removed. 

The Standard Solulioit of Nitrate of Silver ia made by dis- 
solving 23.94 grama of the .salt (AgNOj) in distilled water, and 
diluting to i litre ; 100 c.c. are equal to 0.5 gram of chlorine. 

The indioator is made by adding silver niti'ate to a, strong 
neutral solution of yellow chromate of potash (K,CrO^), till a 
permanent red precipitate ia formed. The solution is allowed to 
settle, and the clear liquid decanted into a stoppewd bottle 
labelled " chromate indicator for chlorine." 

Standardise the sDver nitrate by ■weighing up 0.5 gram of pure 
sodium chloride (or potassium chloride). Transfer to a flask and 
dissolve in distilled water ; dilute to 100 c.c. Fill an ordinary 
burette with the standard silver solution, and (after adjusting) 
run into the flask a quantity sufficient to throw down the greater 
part of the chlorine. Add a few drops of the chromate indicator 
and continue the addition of the silver nitrate until the yellow 
colour of the solution becomes permanently tinted red, after 
shaking. This shows that the chlorine is all precipitated, and 
that the chromate is beginning to come down. The further 
addition of a couple of drops of the silver solution will cause a 
marked difference in the tint. Bead off the quantity run in, and 
calculate the standard. One gram of sodium chloride contains 
0.6062 gram of chlorine ; and i gram of potassium chloride con- 
tains 0.4754 gram. 

For the determination of small quantities of chloride (a few 
milligrams), the same method ia used ; but the standard solution 
is diluted so that each c.c. is equal to 1 milligram of chlorine ; 
and the chromate indicator is added before titrating. The 
standard solution is made by measuring off 200 c.c. of the solu- 
tion described above, and diluting with distilled water to i litre. 



BROMINE AND BROMIDES. 

Bromine closely resembles chlorine in the nature of its oom- 
pounds. It does not occur free in nature, but is occasionally 
found in combination with silver as bromargyrite (AgBr^ and, 
together with chloride, in embolite. It mainly occurs as altaline 
bromides in certain natural waters. Nearly all the bromine of 
commerce ia derived from the mother liquors of salt-works — i.e., 
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Ontclble wd *acd 36.6485^ 

Mti« takeu 1 .0000 

27.64S5 „ 
Weight after ignition .... 27.1160 „ 

LoM 00 ignition o-SS^S •■ 

This IB «<jiial to 53-£5 per cent, of nitrogen pentoxide. 

VOLUUliTBIG DETEBMIITATIOZr. 

This is based 00 the oxidising action of nitric acid, o: 
lit lutid iwlutions on ferrous salts. The pentoxide (1^,0,) of the 
iiitr&te is reduced to nitric oxide (^0), eo that 336 parts of iron 
jieroxidised represent 108 parts of nitric pentoxide as oxidising 
u^Qt.* The quantity of iron peroxidised is determined by taUng 
u, Known quantity of ferrous salt, oxidizing with a weighed samplB 
of iiitratit, and then determining the residual ferrous iron b; 
titvution with bichromate or permanganate of potassium solution. 
The dillerdDoe between the ferrous iron token and that found, gives 
tho amount oxidized by the nitrate. The speed with which nitric 
oxide takes up oxygen from the air, and thus becomes capable of 
oxidising wore iron, renders some precautions necessary; ferrous 
chloride should, therefore, be ueed, since it is easier to expel 
nitric oxide (by boiling) from solutions of a chloride than it is feom 
those of u sulphate. The process is as follows : — Dissolve 2 grams 
of thin MoU iron wire in 50 c.c. of hydrochloric acid in a flaskpro- 
vldeit with an arrangement for maintaining an atmosphere of 
OAi'bou dioxide. When the iron has dissolved, allow the solution 
to oool, aud udil 0.5 gram of tlie nitrate. Heat gently for a few 
miuut«a, and then boil until the nitric oxide is expelled. Ad 
atinospbore of carbon dioxide must be kept up. Dilute wift 
water, uid titrate the residual iron with standard solution of H 
chtoniate of potassium. The standard "bichromaUs " is made by 
dittolviug 17.5 grums of the salt (K,Cr,0,)in water,aiid diluting 
to I litre ; 100 c.c, equal 2 grams of iron. Deduct the weightid 
icott found from thd 3 grams originally taken, and mnldply bj 
0,3314. This gi\'«a the weight of the pentoxide in the sample- 
lu Ui example, 0,5 gram of nitre was taken, and 59.4 cc of tliB 
■'hjutkrt>mut«" solution were required. The 59.4 cc. thus veei 
VO euuivtduikl to 1,1 gS gram of iron. This leaves o.Saa gram *» 
biw tjUMUlitj' u^^idiM^l by the nitre, which, multiplied by 0.32141 
](iW P-t6^i (pwiu for the nitrogen pentoxide, or 52,8 per cent 

• N,l\ + 6FeO = 3Fe,0, 
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deserilied tinder Mangavese. All substances which liberate chlorine 
on boiling with hydrochloric a«id (dioxides, bichromates, per- 
manganates, 4c.) nre determined in a similar way. 

Solution and Separation. — Most iodides are soluble in water 
or dilute acids. The separation is effected by distilling the Kub- 
etance with solution of ferric sulphate, and collecting the Tapour 
in a dilute Golution of Bulphurous acid or arsenite of soda. On the 
completion of the distillation, the iodine will be in the distillate as 
iodide ; and the gravimetric determination is made on this. 



aBATIMSTHIC DETEBMIITATION. 

To the solution containing the iodine, as iodide, and which is 
free from chlorides (and bromides), add a Httle dilute nitric acid 
and nitrate of silver till no further precipitate is produced. Filter 
off, wash with hot water, and diy. Clean the filter-paper as much 
as possible, and bum it. Collect the ash in a weighed porcelain 
crucible, add the main portion, and heat to incipient fusion ; cool, 
and weigh. The Bubatance is silver iodide, and contains 54.03 per 
cent, of iodine. 

VOLUMETBIC METHOD. 

This is for the titration of free iodine, and is practically that 
which is described under Manga/nese. The substance to bo deter- 
mined is distilled with ferric sulphate, and the iodine is collected 
in a solution of potassium iodide, in wbiqh it readily dissolves. If 
flaky ciystals separate out in the receiver, more potassium iodide 
crystals are added. When the distillation is finished, the receiver 
is disconnected, and its contents washed out into a beaker and 
titrated with " hypo." The standard solution of " hypo " is made 
by dissolving 19.58 grama of hyposulphite of soda (NojSjOj.sHjO) 
in water and diluting to t litre; 100 c.c. are equal to I gram of 
iodine. To standardise the solution, weigh up 0.25 gram of pure 
iodine in a small beaker. Add 2 or 3 crystals of potassium iodide ; 
cover with water; and, when dissolved, dilute to 50 or 100 c.c. 
|]trate, and calculate the standard. 
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Fluorine is frequently met with as calcium Iluoride or fluor-spar 
(CaF,). It occurs less abundantly as cryolite (KojAlF,), a fluoride 
of aluminium and sodium, which is used in glass-making. Certain 
other rarer flaorides are occasionally met with. Fluorine is also 
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_ are easily overlooked 
. BK^ Bt bi^r aaonnts they are reooe- 
^fie^btaaB add baa oE etching glass, A 
sod a ^or of wai 13 melted over the 
aJ^amalineB are engraved on the waxed 
sor&ce with, ^nv AaKf^antuA MStrument. The substance to be 
tested is powiiMwI; iKdMHetaaed, in a platinum dish, with aul- 
phoric aciiL Th»w*Afl^» m filled with cold water and sup- 
ported aree tha diak. Ite Afc » then carefully warmed, but not 
aatSiiently to m^ Qw mac ifbee a. minate or two, the g\aia ia 
taken offi and tlie wax removed- If the substance contained 
fluorine, the characters wiU be found permanently etched on the 
glass. An equally good, but more rapid, test ia to mix the 
powdered substance wich some alica, and to heat the mixtuiB m 
a test tube witJi sulphuric arid. Silicon fluoride is evolved and 
if a mostened glass rod is held in the tube, it becomes coated with 
a white deposit o£ silica, formed by the decomposition of the 
silicon fluoride by the water. This is also used as a, test tor 
silica; but in this case the substance is mixed with a fluoride, 
and the experiment most obviously be carried out in a platinum 
-»sel. 

S^aration and Detgrmination. — ^The determination of 
fluorine is difficult. In the case of fluorides free from silicatta 
\such as fluor-spar), it is determined indirectly by decompoang t, 
'"hed portion with sulphuric acid, evaporating, ignitin", and 
ang the residual sulphate. The increase in weight multiplied 
'5S gives the weight of fluorine. 1 

the presence of silica this method does not answer, becaose I 
> TnJatilisatioa of silicon fluoride. In these cases Woh 



FLUOEiNK AND FLUORIDES. 321- 

adopted tHe following plan, which resembles that for the indirect 
determination of carbon dioxide. Mix the weighed substance in 
a small flask with powdered silica and sulphuric acid. The mouth ' 
of the flask is closed with a cork carrying a tube which is filled, ' 
the first half with calcium chloride and the second half with 
pumice coated with dried copper sulphate. The apparatus is 
weighed quickly, and then warmed till decomposition is complete. 
A current of diy air is aspirated for a minute or two ; and the 
apparatus again weighed. The loss in weight gives that of the 
sUicon fluoride (SiFJ, which, multiplied by 0.7307, gives the 
weight of fluorine. 

Fresenius uses the same reaction ; but collects and weighs the 
silicon fluoride. The finely powdered and dried substance is mixed 
with ten or fifteen times its weight of ignited and powdered silica. 
The mixture is introduced into a small dry flask connected on one 
side with a series of drying-tubes, and on the other with an empty 
tube (to condense any sulphuric acid). To this last is joined a 
drying-tube containing chloride of calcium and anhydrous copper 
sulphate. This is directly connected with a series of three weighed 
tubes in which the fluoride of silicon is collected. The last of 
these is joined to another drying-tube. The first weighed tube 
contains pumice and cotton wool, moistened with water; the 
second tube contains soda-lime as well as (in the upper half of the 
second limb) fused calcium chloride between plugs of wool ; the 
third tube is flUed half with soda-lime and half with fused calcium 
chloride. The distilling-flask containing the substance mixed with 
silica is charged with 40 or 50 c.c. of sulphuric acid, and placed 
on the hot plate. Alongside it is placed a similar dry flask con- 
taining a thermometer^ and the temperature in this is kept at 
150* or 160** 0. A current of air is sent through the tubes during 
the operation, which takes from one to three hours for fronv 
0.1 to I gram of the substance. A correction is made by deducting; 
o.ooi gram for every hour the dried air has been passed through. 
The increase in weight of the three tubes gives the weight of the- 
silicon fluoride. 

Penfield uses a similar arrangement, but passes his silicon 
fluoride into an alcoholic solution of potassium chloride. Silica. 
and potassium silico-fluoride are precipitated, and hydrochloric- 
acid is set free.* The acid thus liberated is titrated, with a stan- 
dard solution of alkali, in the alcoholic solution, and from the^ 
amount of free add found the fluorine is calculated. The weight 
of hydrochloric add (HCl^ found, multiplied by 1.562, gives the- 
weight of the fluorine. With this method of working, fewer U -tubes 

• SSiF^ + 4KCI + 2H,0 = 2K^SiF, + SiO, + 4HCI. 
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are required. The exit tube from the flask is bent so as to 
form a small V, which is kept cool in water ; this is directly con- 
nected with the U-tube cont-aining the alcoholic solution of potas- 
sium chloride. The flask with the assay is heated for about two 
hours, and a current of dry air is aspirated throughout the deter- 
mination. Fluoride of silicon is a gas not easily condensed to a 
liquid ; but is immediately decomposed by water or moist air. 



CHAPTER SVI. 

STJLPHUH AWD BTTLPHATES. 

SDt.PHDB occurs native in volcanic diatiicts, and is mined in Sicily, 
Italy, and California in considerable quantities. Combined with 
metals (sulphides), it is common in all mineral districts. Iron 
pyrites (FeS,) is the most abundant source of this element. 
Sulphates, such as gypsum, tire fairly common, but have no value 
BO far as the sulphur in them is concerned. In coal it exists as 
an impurity, occurring partly as a constituent of organic com- 
pounds. 

Sulphur, whether free or combined with metals, forms, on bum* 
ing, sulphurous oxide (SO^), which by the action of oxidising agents 
and water is converted into sulphuric acid. It forms two oxides, 
sulphurous (SOj) and sulphuric (SO,), which combine with bases 
to form sulphites and sulphates. Sulphites are of little importance 
to the assayer, and are converted into sulphates by the action of 
nitric acid and other oxidising agents. 

The native sulphides, when acted on with hydrochloric acid, giva 
off sulphuretted hydrogen ; with nitric acid or aqua regia, sulphates 
are formed, and more or less sulphur separated. 

Sulphur is detected in sulphides by the initating odour of 
sulphurous oxide given ofF on roasting, by the evolution of sulphu- 
retted hydrogen when treated with hydrochloric acid, or by a 
white precipitate of barium sulphate formed when barium chloride 
is added to the aqua regia solution. 

I>ry Assay. — There is no method of general application. Free 
or native sulphur may be volatilised, condensed, and weighed, but 
pyrites only gives up a portion of its sulphur when heated in a 
closed vessel, while most sulphides, and all sulphates, give up 
cone at all. 

In the detennination of sulphur in brimstone, lo grams of the 
substance are taken, placed in a small porcelain dish, heated 
a. Bunseu burner in a well-ventilated place, and ignited, 
the sulphur has been completely burnt off, the residue (which 
consists chiefly of sand) is collected and weighed. In a separate 
portion the moisture and arsenic are determined ; the amounts of 
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are decomposed by fusing with 4 or 5 times their weight of ** fusion 
mixture." The alkaline sulphates are then dissolved out with 
water, and filtered off from the insoluble residue. The filtrate is 
rendered acid with hydrochloric acid. 

Separation. — ^The determination of the sulphuric acid in these 
solutions by precipitation with barium chloride also serves as a 
separation ; but in hot acid solutions containing copper, apd more 
^especially iron-salts, the baric sulphate has a strong tendency to 
<jarry down amounts of those bodies, varying, no doubt, with the 
conditions of the precipitation. Boiling hydrochloric acid fails to 
completely extract them. Moreover, the use of hot concentrated 
hydrochloric acid causes a loss by dissolving barium sulphate. 
Nitric acid and nitrates must be decomposed by prolonged boiling 
sad evaporation with hydrochloric acid. The iron may be removed 
by adding a slight excess of ammonia to the faintly acid solution, 
filtering off, and washing the precipitated ferric hydrate with hot 
water. By slightly acidulating the filtrate with hydrochloric 
^usid, it wiU be rendered ready for the determination. 

GBAVIMETBIC METHOD. 

This assay is one of those which strikingly shows the necessity 
<)f getting the assay solution under proper conditions, in order to 
obtain satisfactory results. The method has been repeatedly in- 
vestigated, and the conclusion arrived at, " that it can be correct 
only by accident." Yet there are many chemists who get good 
results, and place considerable faith in its accuracy. This can 
only be due to differences in the manner of working. It is gene- 
rally understood that nitric acid or nitrates must be absent ; and 
our experience fully confirms this. Precipitations in nitrate solu- 
tions are worthless, as the following experiments show. In each 
experiment the bulk of the solution was 150 c.c. The solutions 
^contained 10 grams of nitre, were freely acid vdth hydrochloric 
Acid, and were precipitated (while boiling) with slight excess of 
Imric chloride. 

Snlphuric acid taken . 0.020 gram 0.050 gram o.icogram 

„ found . 0.019 »» 0.047 „ 0.098 „ 

„ taken . 0.500 „ 1.004 a i.ooo ,, 

„ found . 0.526 „ 1. 126 „ 1. 126 „ 

AU the precipitates were boiled with hydrochloric acid, and 
thoroughly washed before weighing. The results of some other 
experiments on this subject are given under " sulphur " in the 
** examination of commercial copper," page 167. 

The solution Jiaving been obtained free from nitrates and chlo- 
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rates (and coDtaining hut little free hydrochloric acid), is largely 
diluted, heated to boiling, and precipitated with a moderate esccsa 
of a solution of chloride of hMium (8 parts of the ciyatallized 
barium chloride are sul£cient for i of sulphur). It is allowed h> 
settle for half-an-hour, and then decanted through a filter. The 
precipitate is shaken up with boiling water, rendered slightly add, 
filtered, washed, dried, ignited, and weighed. The ignit-ed pre- 
cipitate, when pure, ia white, and is not decomposed at a red heat; 
it is barium sulphate (BaSO^), and contains 13.73 P^^ cent, of sul- 
phur, or 34.33 per cent, of sulphuric oside (SOj). 

Determination of Snlphur in Pyrites. — Weigh up half a 
gram of the dried and powdered sample, and treat with 10 c.c. of 
a mixture of 3 volumes of nitric acid and I volume of hydrochloric 
add, occasionally heating. Evaporate to dryness, treat with 50.0. 
of hydrochloric acid, and again evaporate : take up with i c.c. of 
hydrochloric acid and 100 c.c. of hot water, filter through a small 
filter, and wash. The residue may contain sulphates of lead, 
barium, or lime ; it must be separately examined, if the total sul- 
phur is wanted. The filtrate is heated, and rendered slightly 
alkaline with ammonia. Filter off the precipitated ferric hydrate 
through a quick filter, and wash with hot water. If necessary, 
evaporate the bulk to about 200 c,e., render faintly acid with 
hydrochloric acid, and add 20 c.c. of solution of barium chloride; 
allow to stand for half-an-hour, and decant through a filter. 
Wash with hot water, dry, ignite, and weigh. Pure pyrites con- 
tains 53.33 per cent, of sulphur, 

VOLUMETRIC METHOD, 

This is based upon the easy conversion of all sulphur compounda 
into sulphates by fusion with nitre or by oKidation with nitric 
acid; and on the determination of the sulphate formed by titra- 
tion in an acetic acid solution with baric chloride.* The finiahing 
point is determined by filtering off portions of the assay solution, 
and testing with sulphuric acid. A shght excess of baric chloridfl 
will cause a precipitate. 

The process may be divided into — (i) the preparation of the 
solution, and (a) the titration. 

Preparation of the Solution. — Weigh up from i to 5 grams 
of the dried and powdered substance, and mix intimately with 
4 grams of powdered niti* ; clean out the mortar with another 
gram of nitre, and add this as a cover. Heat in a platinum' 
crucible for fifteen minutes at a low temperature; cool, and eS 

■ BaCl, + Na^SO, = BaSO, -I- aNaCl 
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^Moti with water in an evaporating-dtsh about 9 inches acroSH, n.nd 
'folding 700 or 8oo cc. Add 10 grams of Bodium acetate and 
'30 c.c. of acetic acid, and dUute to half a litre. Boil. The hoIu- 
Idon is reudy for titrating. Substances which lose sulphur on 
Sieatiug (such as pyritfls) are thus treated ; — Weigh up I gram, 
nnd evaporate nearly to dryness with 10 c.c. each of nitric and 
' tydrochloric acids. Take up with locc. of hydrochloric acid, and 
atgain boil down to a small bulk ; diiut« and transfer to a 9-inch 
«vaporating-dish; add 10 grnmB of Eodium acetate and 5 c.c. of 
acetic acid, dilute to half a litre, and boil. The solution is ready 
for titrating. Sulphates may be dissolved up in the dish itself 
■with the help of a c.c. or so of hydrochloric acid ; sodium acetate^ 
and acetic acid are then added ; and, after dilution and boilings 
the solutions are at once titrated. 

The solution before titration must contain no free mineral acid,. 
but 5 or 10 c.c. of acetic acid should be present. It must eonta,iii, 
10 grams of sodium acetate, or sufficient to convert any fi'ee 
mineral acid into its corresponding sodic salt ; or, if chlorides,, 
nitrates or sulphates of the metals are present, sufficient to de- 
compose them. If a precipitation occurs, as is the cose with, 
ferric salts, Ac, the solution is titrated with the precipitate in it. 
The Titration. — The standard solution of barium chlorid«- 
js made by dissolving 76.25 grams of the crystallized salt. 
(BaCI,.2H,0) in distilled water, and diluting to I litre. 100 c.c 
will equal i gram of sulphur. As indicator, use dilute sulphuric- 
acid. The strength of the solution may be checked by the titra- 
tion of 5 grams of ferrous sulphate (oxidized with permanganate 
of pota.>isiam or a few drops of nitric acid), which should require 
57.5 c.c. of the barium chloride solution; or any pure sulphate 
of known composition can be used ; anhydrous salts should be 

Fill an ordinary 100 c.c. burette with the solution of barium 
chloride. The evapd'ating-disli containing the assay solution is 
. round burner (as shown in fig. 65), and the solution 




IB kept steadily boiling. An ordinary Bonsen-burner flame wiQ 
cause bumping, end should not be used. Bun in the standard 
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eolution in quantity knawQ to be insufficient ; then iritlidr«w ■ 
portion of about 2 c.c, with a pipette, and filter through a fina 
filter-paper into a test tube. Kun in another 0.5 c.c. of the 
standard solution, and withdraw and filter into a test tube 
another portion of z c.c; and continue this operation until half-a- 
doieo or more portions have been drawn off. The test tubes 
should be arranged in order in a stand resting on a piece of paper, 
60 that each test tube representing 0,5 c.c. ci the standard lario 
chloride may have its value recorded beneiith it (fig. 66). Add to 
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each test tube 3 drops of dilute sulphuric acid ; that which shows 
the first appearance of a precipitate marks the point at which the 
titration is complete. Suppose, for example, that the test tube 
marked 48.5 c.c. shows no precipitate, while that at 49.0 c.c. 
shows one, it is evident that the finishing point lies between these 
readings. With a little practice, one can judge from the appear- 
.ance of the precipitate in the 49 c.c. tube, whether ^ c.c. should 
^be deducted or not. 

It is better to add dilute sulphuric add, and to watch for the 
.Appearance of a precipitate in the test tube, than to add baric 
chloride and to look for its non-appearance ; besides, baric chlo- 
jide is much less likely to be present in a test tube as impurity 
than sulphates are. In this way the chance of error from whi^ 
-are termed "accidental causes" is diminished. 

The following experiments show the effect of variation in thq 
-conditions of titration : — 

Make « standard solution of sulphuric acid by diluting 43.65 
; grams of sulphuric acid (sp. g. 1.6165) to 1 litre : ioq r.c. will 
•contain i gram of sulphur. An equivalent solution may be 
«nade by dissolving 100.62 grams of sodium Bulphate crystals 
<Na,SO,.ioH,0),or 86.88 grama of ferrous sulphate (FeSO,.7U,0), 
in water (oxidising the latter), and diluting to i litre. 

The order in which these experiments are given is that in 
which they were made in an investigation into the conditions 
under which the titration could most accurately be effected. 

Effect of Hydrochloric and Nitric Aoida.^The titrations 



were perfoi'med in the 



already described, but sodic. 
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' tate and acetic add were absent. Twenty c.c. of the standard 
• solution of sulphuric acid were used. 

Hydrochloric acid present 0.0 c.c. i.o c.c. 2.0 c.c. 5.0 c.c. 
" Baric chloride " required 20.0 „ 20.0 „ 19.7 „ 12.5 „ 

Nitric acid present . . 0.0 c.c. 1,0 c.c. 2.0 c.c. 5.0 c.c. 
'* Baric chloride *' required 20.0 „ 19.5 „ 18.0 „ 10.0 „ 

These show clearly the interference of free mineral acids, 
although very dilute hydrochloric acid (i c.c. in 500 of water) 
has no effect. 

Effect of Acetic and Citric Acids. — ^A similar series of 
experiments ynth these acids gave the following results : — 

Acetic acid present . . 0.0 c.c. 5.0 c.c. 50.0 c.c. 100.0 c.c 
" Baric chloride '* required 20.0 „ 20.0 „ 20.0 „ 20.0 „ 

Citric acid present . . . o gram i gram 5 grams 
" Baric chloride " required • 20.0 c.c. 20.0 c.c. 20.0 c.c. 

These acids do not interfere. 

Effect of Sodio Acetate and Acetic Acid. — In each of 
these experiments 5 c.c. of acetic acid was present. 

Sodium acetate added . o gram i gram 10 grams 50 grams 
"Baric chloride " required 20.0 c.c. 20.0 c.c. 20.0 c.c. 20.0 c.c. 

As sodic acetate and acetic acid did not interfere, it hecame 
desirable to make some experiments on the finishing point. The 
£rst object sought for was the smallest amount of the standard 
baric chloride in 500 c.c. of water, required to give an indication 
^hen tested in the manner already described. 

Conditions of Aasay Solution. ^^equiied!^® 

Water only 0.05 c.c. 

With 10 grams of sodium acetate and 5 c.c. of 

acetic acid 0.05 ,, 

The same with 5 grams of nitre . . . . o. 10 „ 
Like the last, but with 5,grams of salt instead of 

nitre 0.10 „ 

These show that as small an amount of baric chloride solution 
as is equal to only 0.000002 gram of sulphur in the 2 c.c. of solu- 
tion tested yields a decided precipitate on the addition of 3 drops 
of sulphuric acid. 

To determine whether the same finishing point is obtained 
on testing the filtered portions in the test tubes with baric 
chloride as is obtained on testing with sulphuric acid, a titra- 
tion was made with 20 c.c. of standard solution of sulphuric acid, 
together with the usual quantities of sodic acetate and acetic 
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ucid; and two lota of 2 u.c. eaet were filtered into two se 
test tubes after each addition of the standtird boric chloride, 
one series 3 drops of baric chloride solution were added, and to 
the other 3 drops of sulphuric acid. The results were — 
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The two methods of testing give the same result. But this 
balance is disturbed in the presence of much nitre, the indica- 
tions with baric chloride being disturbed by an opalescence for 
some c.c. beyond the finishing point. In solutions containing' 
free hydrochloric or nitric acid, a precipitate ia obtained with 
either baric chloride or sulphuric acid. 

Effect of Varying Sulphur. — In these and the subsequent 
experiments the titrations were performed in the presence of 
10 grams of sodic acetate and 10 c.c. of acetiu acid in the xoannar 
already described. 

Stand aid sulpliuric 

acid nspd , . 5.0 c.c. lo.o c.c. aao 0.0. 50.0 c.o. loo.ocdi 
" Bario cbloride " 

required . . 5,0 „ 10,0 „ 20X> „ 50,0 „ 100.0 » 

Effect of Varying Temperature. — With 5 c.c. of stiindard 
sulphuric acid titrated at 15° C, 5 c.c. of baric chloride were 
required ; but witb larger quantities the results were altogether 
unsatisfactory when titrated cold. 

Effect of Varying Bult.— 



required . 20.0 „ 200 „ 20.0 „ ao.S n 

Considerable variation in bulk has no effect, but 500 c.c is tto 
most convenient volume to work with. It is well to occasioiul^ 
replace the water boiled off during titration. 

Effect of Foreign. Salts. — In all these experiments 30 && 
of " sulphuric acid " were used, and the titration was performed in 
the ordinary way. 

Sodie cidoride added . . gram 5 grams 10 grams 
" Baric chloride " required 20.0 c.o. zo.o c.c. 19.7 o.c. 

Ammomc ohioride added . o gram 5 grams 10 grama 
" Baric ohloTide " required 20.0 c.c. 20.0 c.o; ig.5 c.c 
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CqUm ehhride added . o gram i gram 2 grams 5 grams 
** Baric chloride ** required 20.0 c.c. 20.0 c.c. 19.2 c.c. 19.0 c.c. 

ZifUi chloride added . . o gram i gram 3 grams 5 grams 
" Baric chloride " required 20.0 c.c. 20.0 c.c. 20.0 c.c. acxo c.c. 

Ferrous chloride added . o gram i gram 3 grams 5 grams 
" Baric chloride " required 20.0 c.c. 19.7 c.c. 19.5 c.c. 19.0 c.c. 

Ferric cbioride added . o gram i gram 3 grams 5 grams 
Baric chloride " required 20.0 c.c. 20.0 c.c. 20.0 c.c. 2C.o c.c. 

Copper chloride added . o gram I gram 3 grams 5 grams 
Baric chloride " required 20.0 c.c. 20.0 c.c. 20.0 c.c. 20.0 c.c. 

I^fUusic nitrate added . o gram i gram 5 grams 10 grams 
** Baric chloride " required 20.0 c.c. 20.0 c.c. 2ao c.c. 19.0 c.c. 

Ibtassie nitrite added . o gram i gram 5 grams 
** Baric chloride '* required 20.0 c.c 20.0 c.c. 20.0 c.o« 

Sodic pliosphate added . o gram i gram 
" Banc chloride ** required 20.0 c.c. 22.5 c.c. 

Sodic arsenate added . o gram i gram 

"Baric chloride " required 20.0 c.c. 20.5 c.c. 

In the absence of ferric salts, phosphates and arsenates count 
as sulphur. 

In two seiies of experiments for determining the effect of varying 
amounts of sulphur in the form of ferrous sulphate, we obtained 
the following results : — In the iirst series the assay solution was 
prepared in tiie manner we have described for Pyrites ; and in the 
second series, by fusion with nitre. 

Sulphur added . • . 0.050 gram 0.100 gram 0.200 gram 
" liaric chloride " required (i) 5.0 c.c. lo.o c.c. 20.0 c.c. 

„ „ (2) 4.7 „ lo.o „ 20.0 „ 

Sulphur added . . . 0.500 gram i.ooo gram 

" Baric chloride " required (i) 50.0 c.c. loo.o c.c. 

„ „ (2) 50.0 „ loo.o „ 

More than 5 grams of nitre must not be used in an assay ; 
and, since the requisite amount of nitre considerably exceeds 
that sufficient to oxidise the sulphur, not more than 0.5 gram of 
unoxidised sulphur should be present in the portion of the 
sample weighed up for determination. When the amount of 
sulphur present is not known within reasonable limits, the test 
portions may be tried with a drop of baric chloride solution 
instead of sulphuric acid, so that the diminishing quantity of 
precipitate may give warning of an approach to the finishing 
point. 

Detentdnatilpn of Sulpliiir in Blende. — ^Weigh up i gram 
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of dried and powdered blende, and mix and fose with 5 gi-stns of 
nki'e in the manner described. Place the dish and ita cooteaU 
in the titra ting-dish, extract with water, add 10 grams of sodinni 
acetate and 10 c.c. of acetic add, remove and wash the platinum- 
disb, and dilute to 500 c.c. ; boil and titrate. la the «cample, 
daplicat« determinations required {a) 3Z.0 c.c, {b) 32.35 cc, 
giving an average of 32.1 per cent, of salphur. 

Determination of Snlphnr in Chalcopyrite (Yellaw 
Copper Ore). — Take i graia of the finely-powdered sample, and 
5 grams of nitre. Sprinkle a little of the nitre in a. small Wedg- 
wood mortar, place the ore on it, and cover with z or 3 grams more 
«f the nitre. Rub np together, and transfer to a small porcelain 
dish ; clean out the moitar with the rest of the nitre, and add to 
the oonf ents of the dish. Cover with a piece of platinum fml, and 
heat gently with a Bunsen burner till the nitre melts and the Etafl 
shows signs of deflagrating ; remove the heat, and aJlow the 
action to go on by itself for a minute or so, then heat over the 
Bunsen burner for 10 minutes. Cool ; transfer the whole to tbe 
titrating- dish ; boil with 500 cc. of water; remove the smalt diBh 
and foil ; add Bodic acetate and acetic acid, and titrate. 

For example, i gram required 34.5 c.c. of " bai-inm chloride " 
^standard = 1.005 gram S), which is equivalent to 34.7 per cent, 
sulphur. The theoretical percentage is 34.S. 

Determination of Solphiir in Chalconite (Grey Copper 
Ore). — Proceed as in the last experiment;, but, since the action with 
nitre is more moderate, no special precautions need be taken on 
heating. A platinum dish may be used. 

An example which was heated for 30 minutes required 20.5 ex. 
of the barium chloride solution. This is equivalent to ao.6 per 
cent, of sulphur. The theoretical yield is 20.2 per cent. 

Determination of Sulphur in Pyrites. — ^Take i gram of 
the finely-powdered sample, cover with 10 c.c. of nitric acid, and, 
when action has ceased, evaporate to a small bulk. Add 3 <ir4C.c. 
of hydrochloric acid, and again evaporate to a paste. Take up 
with 1 or 2 Rc. of dilute hydrochloric acid, dilute with water, 
transfer to a titrating-dish, ndd logramsof sodic acetate and jcc 
of acetic acid, and dilute with water to 500 c.c. Boil mi 
titrate. 

An example with i gram of a pure crystallized pyi'it&s required 
52.7 c.c. of the barium chloride solution, which is equivalent to 
53.0 per cent, of sulphur. Theory requires 53.3 per cent of 
sulphur. 

Determination of Sulphur in Mispickel. — ^Take i gram 
of the powdered oi'e and evaporate with 10 c.c. of nitric acid, and 
take up with 3 or 4 c.c. of hydrochloric acid. If any plnbnlta tt 
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_ Lur remain, again evaporate with nitric acid. Dilute, and* 

"taratnsfer to the titrating-dish. Add lo grains of sodic acetate^ 

^Ulnte with water, boil, and titrate. Tl» mispickel carries (accord- 

i»ig to theory) exactly sufficient iron to precipitate the arsenic as 

^exrric arsenate in an acetic acid solution, so no more iron need be 

*wid.ed. The ferric arsenate will separate out as a yellowish-white 

fiocculent precipitate. 

•Aji example required, in duplicate experiment, 18.5 c.c. and 
^S. 7 C.C. of barium chloride, equivalent to 18.7 per cent, of sulphur. 
^Rio formula, FeS^FeAs,, requires 19.6 per cent., but the sulphur 
S^tierally varies considerably from this amount. 

I>etermiiLation pf Sulphur in Burnt Ores. — Take 5 grams 
o^ the dried and powdered ore, and rub up with 4 grams of nitre ; 
*^^nsfer to the platinum>dish ; dean out the mortar with another 
Si^aj[n of nitre, and add this as a cover. Heat, and extract with 
^ater as before ; add the sodium acetate and acetic acid ; and 
titrate. Burnt ores carry from 2.5 to 5 per cent, of sulphur. A 
^^es of four determinations gave : — 
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For ores carrying less than i per cent, of sulphur, take 10 grams 
for the assay. 

Determination of Sulphuric Oxide (SO,) in Sulphates.^ 
\yiien the sulphur exists in the sample received by the assayer in 
an oxidised state as sulphate, it is usual to report it in terms of 
sulphuric oxide (SO,). In this case, the metal must also be 
reported as oxide. For example, an analysis of copper sulphate 
would be thus reported : — 

Oxide of Goppr (CuO) • . . . . 31.8 % 

Snlpbaric oxide (SO,) 32. i „ 

Water . • • • • • . . 36.1 „ 



100.0 



The percentage of sulphur multiplied by 2.5 gives the percentage 
of sulphuric oxide. Thus a sample of copper sulphate containing 
12.85 per cent, of sulphur will contain 12.85 x 2.5, or 32.12 per 
cent, of sulphuric oxide. 

In minerals and metallurgical products, it is common to find the 
sulphur in both conditions — £.e., as sulphate and sulphide. 
Generally in these the percentage of sulphur only is wanted ; but 
this will depend entirely on commercial requirements, and not on 
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inlpfaAtaf, ft bbak detcnninatioa afaoHld be nuide on 5 grams of 
tbe ** fosoo niixlum^" and the maoant foimd be deducted &am 
tlut gab in tlie ubkj. 

PEACriCAL EXEBCIBB8. 

I. The price of mlphiic in an ore being 4ld. per unit in the uoTthem 
mark^te, wh^ would be the price of a ton of ore contsioiog 
49 per cent, of snlphni: T ^Vhat would be the effect on the piiM 
ot an error of 0.25 per cent, in the assaj ? 

i. Pyrites carries 50 per cent, of snlphar, and on calcining yields 70 pB 
cent, of its weight of borot ore. Snpposins the bamt ore carnffl 
3. J per cent, of solphnr. what proportion of the snlphor wlU lu>a 
been removed in the calcioing T 
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3, How would blende compare with pjrites as a lonrce of enlpbar for 

snlphuiic Eicid making 7 

4, How would you determine the percentage of sulphuric aside in a 

sample of gTpanm ? What la sulp huric oxide, and what relation 
does it bear to sulphur 1 

5, A mineral contains ao.7 per cent, of wator, 314 per cent, of lime, and 

18,6 pec cent, of salphar. What is its probable composition 7 
What experiment would yoa try to determine the accuracy of 
your conclusion I 

SELENIUM 

occara in nature combined with copper, mercury, and lead, in 
certain rare mineralH. In small quantitiea it is found in many 
ores. It is detected in solution by the red precipitate produced 
on boiling the acid solution with sodium sulphite. This reaction 
is used for its determination. 

Solution. — The solution is effected by boiling with nitric add 
or aqua regia, or by fusing with nitre. To separate the selenium, 
the solution is evaporated with an excess of hydrochloric acid and 
a little sodium or potassium chloride. This destroys any nitric 
acid that may be present, and reduces selenic acid (HjSeOj) to 
selenious (H^O,). The solution is diluted with water, and 
treated with a solution of sulphite of soda. It is warmed, and at 
last boiled. The selenium separates as a red precipitate, which 
(on boiling) becomes denser and blaok. It is collected 01 
filter, washed with hot water, dried at 100° C, and \ 
pure selenium. 

Selenium can be precipitated with sulphuretted hydrogen as a 
Bulphide, which is readily soluble in ammonium sulphide. This 
sulphide may be oxidised with hydrochloric acid and chlorate of 
potash ; and the selenium separated iu the manner described. 



TELLURIUM. 

Tellurium occurs in nature, native, and in combination with 
gold, silver, bismuth and lead. It is sometimes met with in 
assaying gold ores. It may be detected by the purple colour it 
imparts to strong sulphuric acid when dissolved in ^e cold, and 
by the black precipitate of metallic tellurium which its solutions 
yield on treatment with a reducing agent. Telluric acid is re- 
duced to tellurous (with evolution of chlorine) on boiling with 
hydrochloric acid. 

Solution is effected by boiling with aqua regia, or by fusing 
with nitre iuid sodium carbonate. 

Separation, — Tellurium closely resembles selenium in its re- 
actions. It is separated and determined in the same way. Like 



Tii« in temperature, pins iopcroeiit.forlfae heat Qsediav^rmiif | 
die appamtos and lost by raidiataon, gn«s the eraporative-potFer. 
The foUowing is ao example : — 

Tempecstnre before ezperimeot . 67.0* F. 

Tempemtin-e after „ 



Rise 



rc«>' 



I coal will evaporate i 



SHAIiBS, ETC. 



pounds of « 



The Bfsaj of these is canieil out Id the aame nay as that (^ 
efudM, but the volatile matters are separate! j eiamiiied, and, in 
coDseqnence, a larger quantity of matenal mast be used. For the 
mMstnre, Tolatile matter, fixed carbon and ash, the determiaatjims 
are the same, but a special dl^llatiau must be made to obtain a 
Buffident quantity of the volatile products for subgequent exami- 
nation. Tiike 500 or 1000 grams of the well-sampled and 
powdered shale, and introduce into a cast-iron retort as shown in 
fig. 74. Lute the joint with fire-clay, place the cover on, and 




Fio. 74. 

bolt it down. The bolts should have a covei-ing of fire-clay to 
protect them from the action of the tii-e. PL»ce the retort in i 
wind f uruace, supporting it on a brick, and pack well around ffitJi 
coke. Build up the furnace around and over the retort witli 
loose fire-biicks, and heat gradually. 

A& soon as water begins to drip, the tube of the retort is cooled 
by wrapping a wet cloth around it, and keeping wet with water. 
The water is kept from running into the receiver by a ring of 
damp fire-ciay. A quantity of gaa first comes over and will bo 
lost, afterwards water and oily matters. The i-etort must he red 
hot at the close of the distillation, and when nothing more distiU 
off, which occurs in about two or three hours, the wet cloth i* 
removed, and the tube heated with a Bunsen burner to j 



to da^J 



CHAPTER XVII. 

ABSEWIC, PHOSPHOEUS, NITHOGEIT. 

ARSENIC. 

Thk chief Bource of the arsenic of commerce ia arsenical pyritea, 
or miBpickel, which contains about 45 P^^ cent, of arsenic (As). 
Arsenic also occurs as a constituent of several comparatively rare 
minerals ; and, as an impurity, it ia very widely distributed. 
White arsenic ia an oxide of ai'senic, and is obtained by roasting 
arsenical ores, and refining the material (crude arsenic), which con- 
denses in the flues. Arsenic itself ia volatile, and many of its 
compounds have the same property. It forms two well-defined 
series of salts, corresponding to the oxides : arsenious oxide (As,Oj), 
and arsenic oxide (As,0,). These combine with bases to form 
arsenites and arsenates respectively. Boiling with nitric acid 
converts the lower into the higher oxide ; and powerful reducing- 
agenta, such as cuprous chloride, have the opposite effect. 

Arsenic may be detected by dissolving the substance in hydro- 
«hloric acid, or in aqua regia (avoiding an excess of nitric acid), 
and adding a Kttle of this solu- 
tion to the contents of a small 
ilask in which hydrogen is being 
made hy the action of zinc and 
hydrochloric acid. The ignited 
jet of hydrogen assumes a blue 
colour if arsenic ia preaent, and 
& cold porcelain dish held in the 
flame (fig. 67) becomes coated 
^th a dark deposit of metalhc 
arsenic. Antimony produces a similar effect, but ia diatingiushed 
by the insolubility of ita deposit in. a cold solution of bleaching- 
powder. 

Arsenites are distinguished by ths volatility of the chloride ; by 
decolorising a solution of permanganate of potassium, and by 
immediately giving a yellow precipitate with sulphuretted hydrogen. 
Arsenates are distinguished (after converting into aoda salts by_ 
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boiling with, carbonate of soda and neutralising) by giving with 
nitrate of silver a red precipitate, and with " magnesia mixture " ft 
white crystalline one. 

Dry Assay. — There is no dry assay which is trustworthy. The 
following method is sometimes used to find the proportion of 
arsenious oxide in " crude arsenic " :^'Weigh up 5 grams of tbo 
dried sample, and place them in a clean dry test-tube about 6 inches 
long. Tie a small filter-paper over the mouth of the tube, soasto 
prevent air-currenta. Heat the tube cautiously so as to subliine 
off the white arsenic into the upper part of the tube. Cut off the 
bottom of the test-tube by wetting whilst hot. Scrape out the 
arsenic and weigh it. The weight gives an approximate idea of 
the quantity, and the colour of the qnality, of the white arsenic 
obtainable from the sample. Some workers (sellers) weigh the 
residue, and determine the white arsenic by difference. In dete^ 
mining the percentage of moisture in these samples, the substance 
ia dried on a water-bath or in a water-oven. 

WET METHODS. 

Solution. — Where, as in crude arsenic, the substance ifl 
arsenious oxide (AsjO,) mixed with impurities, the arsenic is best 
got into solution by warming with caustic soda, and neutraliang 
the excess with hydrochloric acid ; it will be present as sodinm 
arsenite. Metals and alloys are acted on by means of nitric acid ; 
or the arsenic may be at the same time dissolved and separated hv 
Jistilling with a strongly-acid solution of ferric chloride, in the 
way described under Volwmetric Methods. 

With minerals, mattes, &c., solution is thus effected: — The 
finely-powdered substanceis mixed (io a large platinum or poiis- 
lain crucible) with from six to ten times its weight of a mixtureof 
eqinl parts of carbonate of soda and nitre. The mass is then 
heoted gradually to fusion, and kept for a few minutes in that state. 
When cold, it is extracted with warm water, and filtered from the 
issulnble residue. The solution, acidified with nitric acid and 
boiled, contains the arsenic as sodium arsenate. With mispiekei, 
and these substances which easily give off arsenic on heating, the 
substance is first treated with nitric acid, evaporated to dryness, 
and then the residue is treated in the way just described. 

When the arsenic is present as arsenite or arsenide, distUlation 
with an acid solution of ferric chloride will give the whole of the 
wsenic in the distillate free from any metal except, perhnps, 
tin as stannic chloride. With arsenates, dissolve the substaocs 
in acid and then add an excess of soda. Pass sulphuretted 
hydrogen into the solution; warm, and filter. Acidulate the 
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filtrate, and pass sulphuretted hydrogen. Decant off the liquid 
through a filter, and digest the precipitate with amnionic carbonate ; 
filter, and re-precipitate with hydrochloric acid and stdphuretted 
hydrogen. Allow to stand in a warm place, and filter off the 
yellow sulphide of arsenic. Wash it into a beaker, dean the filter- 
paper (if necessary) with a drop or two of dilute ammonia; evapo- 
rate with lo CO. dt dilute nitric add to a small bulk ; dilute; and 
filter off the globules of sulphur. The filtrate contains the arsenic 
as arsenic add. 

GBAVIMETBIC METHOD. 

Having got the arsenic into solution as arsenic add, and in a volume 
not much exceeding 50 cc^ add about 20 ac. of dilute ammonia 
and 20 c.c. of ''magnesia mixture." Stir with a glass rod, and allow 
to settle overnight. Filter, and wash with dilute ammonia, avoid- 
ing the use of large quantities of wash water. Dry, transfer the 
precipitate to a Berlin crudble, and clean the filter-paper 
thoroughly. Bum this paper carefully and completely ; and add 
the ash to the contents of the crudble, together with 4 or 5 drops 
of nitric add. Evaporate with a Bunsen burner, and slowly 
ignite, finishing off with the blow-pipe or muffle. Cool, and weigh. 
The ignited predpitate is pyrarsenate of magnesia (Mg^s,0,), and 
contains 48.4 per cent, of arsenic (As). 

Instead of igniting the predpitate with nitric add^ it may be- 
collected on a weighed filter-paper, dried at loo** C, and weighed 
as ammonic-magnesic arsenate ( 2 A m MgAsO^. H^O), which contains 
39-5 P^^ cent, of arsenic. The results in this case are likely to be 
a little higher. The drying is very tedious, and is likely to leave 
behind more water than is allowed for in the f ormtda. In a series 
of determinations in which the arsenic was weighed in both forms, 
the results were : — 



Ammonio-magneflio i 
in grams. 


Utenate 


Axsenio 
in grams. 


aooSo 
0.04CX) 
0.0799 
6.1600 




a 0032 

0.0158 
0.0316 
0.0632 


0.4000 
0.7990 




0.1580 

a3i56 



Mag] 


nesiam Pyrarsenate 


Arsenic 




in grams. 


in grams. 


• • • 


0.0065 


O.CX)3I 




0.0330 


0.0160 


• •• 


0.0633 


0.0306 


• • • 


0.1287 


0.0623 


• • • 


0.3205 


O.1551 


• •• 


0-6435 


0.3114 
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TOLUJtETBIC METHODS. 

Thex* are two methods : one for determining the arsenic in ILs 
lower, and the other in the higher state of osidatiou. In the 
first-mentioned method this is done hy titrating with a stamlntd 
solution of iodine ; and in the latter with a solotioa of uraraom 
acetate. Whei« the aisenic already exists as arsenious oxide, or 
where it is most ooDT«ueatly separated by diatillatioa as arseni- 
ous chloride, the iodine method should be used ; but when the 
arsenic is separated as a mtiionic-piagnedc arsenate or as sulphidfl, 
the uranium acetate titration should be adopted. _^H 
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lliis is based on the bet that aodiom arsenite ia a solntion con- 
tainin); an excess of bHartmoate al soda U indirectly oxidised hj 
todina to sodium arsenate,* and that an excess of iodine may be 
re<\igniaed by the bine colour it strikes with starch. The procei^ 
ia diviited into tvro parts — (i ) the preparation of the solution, auJ 
(») the titration. 

Prepanttioii of tlte Solution. — For substances like crude 
antenio, in which the aT$«nic is present as arsenioos oxide, tho 
method is as follows : — ^Take a portion which shall contain rrom 
0,15 to 0.5 gram of the oxide, pto 
in a beater, and cover with ro e.c. of 
sodic hydrate solution ; warm till dis- 
solved, put a small piece of tttmiu 
pAper in the solntion, and render add 
with dilute hydrochI<Hic add. Add 
3 grams of bicarbonate of soda in soln- 
tion, filter (if necessary), and dilute to 
100 C.C The stJnticoi is now read; 
for titrating. 

Where the arsenic has to be fiept- 

rated as arseDioas chloride, the proceS 

IB as ftdlows :t — Wdgh op 1 gram of 

ih« finely-powdeied ore (metals shonlil 

a thin foil or be ased as filings i, and plaH 

a well-fitting cork, and nn- 

1 the drawing (fig. 68). Tbe 

' vatsr, and is ooi^d hf haat 




Fifl-6S. 



be hammered out into a 
in a 16-ounee dask provided witl 
nected with a U-tobe, as shown ■ 
U-tube should contain 3 or 3 clc o 
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placed in a jar or large beaker of cold water. The water used 
for cooling should be renewed for each assay. 

Pour on the assay in the flask 50 c.c. of a '' ferric chloride 
mixture/' made by dissolving 600 grams of calcium chloride 
and 300 grams of ferric chloride in 600 c.c. of hydrochloric 
acid, and making up to i Htre with water. 

Firmly cork up the apparatus, and boil over a small Bunsen- 
bumer flame for fifteen or twenty minutes, but avoid evaporating 
to dryness. Disconnect the flask, and pour away its contents at 
once to prevent breakage of the flask by their solidification. The 
arsenic will be condensed in the U-tube, together with the greater 
part of the hydrochloric acid ; transfer the distillate to a beaker 
washing out the tube two or three times with water ; add a small 
piece of litmus paper ; neutralise with ammonia ; render faintly 
acid with dilute hydrochloric acid ; add 2 grams of bicarbonate of 
8oda in solution ; and dilute to 250 c.c. The solution is now ready 
for titrating. 

The arsenic comes over in the early part of the distillation, as 
will be seen from the following experiment, made on i gram of 
copper precipitate; in which experiment the distillate was collected 
in separate portions at equal intervals, and the arsenic in each 
portion determined : — 



Time 


Iodine 


Equivalent to Arsenic 


Distilling. 


Required. 


in tlie Distillate. 


5 minutes 


12.0 C.C. 


0.0450 gram 


5 ., 


0.17 „ 


0.0005 it 


5 


0.0 „ 




5 


0.0 „ 




To dryness 


0.0 „ 





The volume of each distillate was about 5 c.c. 

In this operation the metals are converted into chlorides by the 
action of ferric chloride, which gives up a part of its chlorine, and 
becomes reduced to the ferrous salt. The calcium chloride does 
not enter into the chemical reaction, but raises the temperature at 
which the solution boils, and is essential for the completion of the 
distillation.* Two experiments with material containing 3.48 per 
cent, of arsenic gave — (i) with ferric chloride alone, 2.74 per 
cent.; and (2) with the addition of calcium chloride, 3.48 per cent. 

It is always necessary to make a blank determination with 
I gram of electrotype copper, to find out the amount of arsenic 
in the ferric chloride mixture, t Unfortunately, a correction is 

* By taking bold of the water present, it may prevent the dissociation 
of arsenions dbdoridoi 

f It is difSonltto get ferric chloride free from arsenio ; but the following 
treatment will remove 80 or 90 per cent, of the arsenic contained in the 
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alwaj's required. This amounte to about o. 1 5 per cent, of aneniii 
1:01 each assay, even when tfa« mixtare has been purified ; and thii 
constitnteB the weakness ot tbe method, since, in some case^ tia 
correctkin is as much ae, or even greater than, the percentage to 
be determined. 

The acid distillate ooataining the aisenioos chlcmde may be left 
for an hoar or so without much fear of oxidation ; hot it ia safer 
to neutralise and then to add the biearboaate of soda, as the fol- 
;perimente show. Several portions of a solution, eseh 
having- a balk of 100 c.c, were exposed for varying- Inneths of 
time, and the arsenic in each detennined- 



iS-icc •• 0.0136 giam 
1S.1 „ - OX.136 „ 
ir.7 - - OX.133 „ 



Nmtnlimed SohiUoH. 



18.3 „ = 0.0137 



Th«Titt&tion.— -"iiake a standard toiution of iodine by wei^hhig 
up in a beaker 16.933 grams of iodine and 30 grams of potassium 
iodide in crystals -, add a few cc of water, and, when diesolTcd, 
dilute to I litre : 100 c.c. will equal 0.500 gram of arsenic. 

A solution of starch ^milar to that used in the iodide-coppar 
assay will ba required. Use 2 cc. for each assay. Variations in 
the quantity of starch used do not interfere ; but the soltttJon 
must be freshly prepared, as after seven or eight days it becomea 
useless. 

To standardise the iodine solution, weigh up 0.3 gram of white 
arsenic ; dissolve iu caustic soda ; neutralise ; after acidulatisg, 
add 2 grams of Hcarbonate of soda aud z c.c. of the starch solu- 
tion, niid dilute to zoo c.c with cold water. fUl a burette haring 
ft )>1ass stop-cock with the iodine solution, and run it into tht 
solution of arsenic, rapidly at fiist. and then more cautiously, till 
ft final drop produces a blue colour throughout the Bolution. 
Oidoulale the stjindard in the usual way. White arsenic contaiBi 
75.76 \KV ceiit. of arsenic 

'I'Ko following experiments show the effect of variation in ths 
(mtiditioiiM of Ihe titration: — 

iiiiuMviii) matorisl :— Ksscdve 1 or 3 lbs. of ferric chloride with ti» 

HiiMilli'il iMii.nint of water that will effect solutioa with the additio»(l 
(III 1 0.1' <>r Ii V iltMchloric aciili sdcl a solatioa of gnlphiit'Oos acid in qoamb^ 
rtltlli'l"'iil 111 "n"lu(yi jnrj pM- cent, of the iron to the ferrous state ; •Ooir 
I afnli'l A vrttk \ ■<»! then boil, to remove the hydrachloric atud addad. 
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Make a solution of arsenic by dissolving 6.60 grams of white 
arsenic in 100 c.c. of sodic hydrate solution ; render slightly acid 
with hydrochloric acid ; add 10 grains of bicarbonate of soda, and 
dilute to I litre : 100 c.c. will contain 0.50 gram of arsenic. 

lEffeot of Varying Temperature. — The reaction goes on 
very quickly in the cold, and, since there is no occasion for heat- 
ing, all titrations should therefore be carried out cold. 

iBfTeot of Varying Bulk. — In these experiments, 20 c.c. of 
arsenic solution were -taken, 2 grams of bicarbonate of soda and 
2 c.c. of starch solution added, and water supplied to the required 
bulk. The results were : — 

Bulk . . . 50.0 CO. 100.0 c.c. 250.0 c.c. 500.0 c.c. 
"Iodine" required 20.0 „ 20.0 „ 20.0 „ 20.0 „ 

Considerable variation in bulk does not interfere. 

lEffeot of Varying Bicarbonate of Soda. — This salt must 
be present in each titration in considerable excess, to prevent the 
interference of free acid. The bicarbonate must be dissolved 
without heating, as neutral carbonates should be avoided. 

Bicarbonate added i gram 2 grams 5 grams 10 grams 
" Iodine " required 2a i c.c. 20.0 c.c. 20.1 c.c. 20.0 c.c. 

These results show that large variation in the quantity of 
bicarbonate has no effect. 

Effect of Free Acid. — In these experiments, the arsenic 
taken, the starch, and the bulk were as before, but no bicarbonate 
was added. In one case the solution was rendered acid with 5 c.c. 
of acetic acid, and in the other with 5 c.c. of hydrochloric add ; 
in both cases the interference was strongly marked, and no satis- 
factory finishing point could be obtained. This was much more 
marked with the hydrochloric acid. 

Effect of Foreign Salts. — ^The process for getting the arsenic 
into solution will exclude all metals except tin, but the solution 
will be charged with sodium or ammonium salts in the process of 
neutralising, so that it is only necessary to see if these cause 
any interference. The alkaline hydrates, including ammonia, 
are plainly inadmissible, since no free iodine can exist in their 
presence. Monocarbonates similarly interfere, but to a much less 
extent ; hence the necessity for rendering the assay distinctly add 
before adding the bicarbonate of soda. 

With 20 c.c. of arsenic solution; and with \)ulk, soda, and 
starch as before, the results obtained were : — 
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IVith 20 graois ot anmotiic chloride 
„ zo gnuQs of sodium chloride 
„ 30 grams of eodimn acetate - 
,. 0.050 gram of tm, as stannic cbloride 

Without any addition .... 




The mterference of the stannic salt is probably mechanical, ths 
precipitate carrying down some arseotoiis acid. 

Effect of Varying Arsemc. — With bulk, starch, and aoda 

as before, but with vdrring arsenic, the results were : — 



9-9 .. 



50.0 



Determination of Arsenic in MetaUio Copper. — Put i 
gram of the copper filings, freed from particles of the file with 
a magnet, into a i6-oz. -flask; and dktil vdth the ferric chloride 
mixture, as above described. Neutralise the distillate ; addiff; 
add bicarbonate of soda und starch ; dilute ; and titrate with tlie 
fitflndard solution of iodine.* Make a blank determination with 
I gram of electrotype copper, proceeding esactly as with the 
a.ssay ; and deduct the amount of arsenic found in this ex] 
ment from that previously obtained. 

Working in this way on a copper containing 0.38 per cent, of 
nrsenic and 0.80 per cent, of antimony, 0.38 per cent, of arsenic 
nas found. 

Determination of White ArBenio in Crude Arsenic- 
Weigh out ] gram of the dried and powdered substance (or &S 
gram if rich), and digest with 10 c.c. of a 10 per cent, solutiounf 
soda; dilute to about 50 e.e., and filter. Render faintly atid 
with hydrochloric acid, and filter (if necessary) ; add 2 or 3 giani* 
of bicarbonate of soda in solution, then 5 c.c. of starch, 1 
titrate the cold solution with the standard solution of iodine. 

The following is an example : — 

I gram of crude arsenic required 53.7 c.c. " Iodine; " 

1 00 c.c. " Iodine " = o.6ooo gram white arsenic j 

100 : 53.7 -.-.o.e :o.3:;;2, or 32.2 percent. 

With the tesvtube method of dry a.=sajing, this same sample gaw 

results vaiying from 33 to 35 per cent, of white arsenic, which 

(judging from its appearance) was impure. 

* When tlie amoanC of arsienic to be estimalcd is small (as in reSiwd 
coppers), it is btttur to use a weaker solutioa of iodine. This is made b^ 
dilating 100 c.c. of the standard solution with water to i litre. Each c.i 
will equal 0.1 per cent., if 1 gram of the metal has been ta^en foe li 
assay. 




tmAWIC ACETATE PROCESS. 

This may be looked upon as an altemath-e to the gravimetric 
method. It ie applicable in all cases where the arsenic exists in 
Bolution as iirEenic acid or as arsenate of eoda. The process may 
be considered in two parta : (i) the preparation of the solution, 
and (z) the titration. 

Preparation of the Solution. — IE the arsenic has been 
separated as sulphide, it is sufficient to attack it with lo or igc.c. 
of nitric acid, and to heat gently till dissolved, avoiding too high 
a temperature at first. Afterwards continue the heat tiU th& 
separated sulphur runs into globules, and the bulk of the acid 
has been reduced to 3 or 4 c.c. Dilute with 20 or 30 c.c. of water ; 
pnt in a piece of litmus paper ; and add dilute ammonia until just 
alkaline. Then add 5 c.c. of the sodium acetate and acetic acid 
solution (which should make the solution distinctly acid); dilute 
to 150 c.c, and heat to boiling. The solution is ready for 
titrating. 

When the arsenic exists in a nitric acid solution mixed with 
much copper, it is separated in the way described under 
Examination of Commercial Copper (Arsenic and Phosphorus), 
pages 168, 169. 

If the arsenic has been separated as ammonium -magnesium 
arsenate, and phosphates are known to he absent; dissolve the 
precipitate (after filtering, but without washing) in dilute hydro- 
chloric acid. Add dilute ammonia till a slight precipitate ift 
formed, and then 5 c.c. of the sodium acetate and acetic acid 
solution ; dilute to 150 c.c, and heat to boiling. Titrate. 

If phosphates are present (which will always be the case if 
they were present in the original sabstance, and no separation 
with sulphuretted hydrogen has been made), the phosphorus wiU 
count in the subsequent titration as arsenic (one part of phos- 
phorus counting as z.4 parts of arsenic). It will be necessary to 
dissolve the mixed arsenate and phosphate of magnesia in hydro- 
chloric acid. Add about four or five times as much iron (as 
ferric chloride) as the combined phosphorus and arsenic present 
will unite with, and separate by the " basic acetate " process as- 
described under Phosphorus in the Examination of Commerdai 
Copper, page 169. Obviously, when phosphates are present, it ia 
easier to separate the arsenic as sulphide than to precipitate it 
with the " magnesia mixture." 

The Titration. — ^The etmidard solution of uranium acetate is 
B by dissolving 34.1 grams of the salt (with the help of 25 cc. 
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of acetic acicl) in water - aad diluting to i litre. The water and 
acid are added a little at a time, and warmed till solution l3 
effected ; then cooled, and diluted to the required volume : 
loo c.c will equal 0.50 gram of arsenic. 
The aodie acetate and acetic acid solution is made by 
> grama of sodio acetate in 500 c.c. of acetic acid, 
and diluting with water to i litre. Five c.c. are used for each 



de used as indicator is tanHa 
100 c.c. of water. 



I 

I 



The solution of potassio ferrocyt 
by dissolving 10 grama of the salt 

To standardise the solution of 
quantity of white arsenic (As,Oj) which shall be about equivalent 
to the arsenic contained in the assay (o.i or 0.2 gram); transfer 
to a flask, and dissolve in 10 c.c. of nitric acid with the aid of 
heat. Evaporate to a small bulk (taking care to avoid llie 
presence of hydrochloric acid) ; dilute with water ; add a sciitll 
piece of litmus paper; render faintly alkaline with ammonia; 
then add 5 c.c. of the sodic acetate solution ; dilute to 1 50 c.c. ; 
and heat to boiling. 

Fill an ordinary burette with the uranium acetate solution, and 
run into the assay a quantity known to bo insufficient. Again 
heat for a minute or two. Arrange a series of drops of the solu- 
tion of ferrocyanide of potassium on a porcelain slab, and, with 
the help of a gla.ss rod, bring a drop of the assay solution in coutiiict 
with one of these. If no colour is produced, run in the uranium 
acetate, i c.c. at a time, testing after each addition, till a brown 
colour is developed. It is best to overdo the ass.iy, and to count 
back. It is not necessary to filter off a portion of the assay befot« 
testing with the " ferrocyanide," since the precipitate (uranic 
arsenate) has no effect. 

The following experiments show the effect of variation in the 
conditions oE titration. Make a solution of arsenic acid by dis- 
solving 4.9s grams of ai'senious acid (AsjOj) in a covered beaker 
with 35 c.c. of nitric acid ; evaporate down to 7 or 8 c.c. ; and 
dilute with water to I litre : loo c.c. will contain 0.375 gr*"" "' 
arsenic. Use 20 c.c. for eacli experiment. 

ES'ect of Varying Temperature. — It ia generally recom- 
mended to titrate the boiling solution, since It is possible that the 
precipitation is only complete on boiling. Low results are ob- 
tained in a cold solution, the apparent exces.s of uranium acetate 
striking a colour at once ; on boiling, however, it ceases to do so ; 
conse([uent!y, the solution should always be boiled directly before 
testing. 

In four experiments made in the way described, but with 20 &il 
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of a solution of arsenic add stronger than that given ( loo o.c. « 0.5 
gram As), the results at varying temperatures were : — 

Temperature . . 15' C. 30' 0. 70° 0. loo' 0. 
"Uranium" required 18.0 o.c. 18.5 c.a 18.5 o.c. 18.70.0. 

Effect of Varying Bulk. — These experiments were like those 
last mentioned, but were titrated boiling, and the volume was 
varied : — 

Bulk . . • • 50.0 0.0, 100.0 0.0. 200.0 0.0. 300.0 0.0. 
" Uranium " required 14.0 „ 14.0 „ 14.5 ,, 15.0 „ 

Considerable variations in bulk are to be avoided. 

Effect of Varying Sodium Acetate. — These experiments 
were carried out like those last noticed, but the bulk was 150 c.c, 
and varying amounts of sodic acetate were added in excess of the 
quantity used in the experiments previously described : — 

Sodic acetate added o gram i gram 10 grams 20 grams 
" Uranium '' required 14.50.0. 14.50.0. 16.00.0. 18.00.0. 

It is evidently important that the quantity of this salt present 
in each titration be measured out, so as to avoid variation. 

Effect of Varying the Sodium Acetate and Acetic Acid 
Solution. — Acetic Add also affects the results, but in the opposite 
direction, by preventing the precipitation of uranium arsenate. 
With varying volumes of the solution now under notice, the 
results were : — 

Solution added . . 0.0 0.0. 

" Uranium " required 14.5 ^ 

Solution added . . 20.0 „ 

" Uranium " required 13.2 „ 

These show that the quantity ordered (5 c.c.) must be adhered to. 

Effect of Foreign Salts. — In these experiments, 10 grams of 
the salt (the effect of which it was desired to determine) were 
added to a solution in other respects resembling those previously 
used : — 

Salt added / Ammonio Ammonio Ammonio Magnesium 

• •( sulphate. nitrate. chloride. sidphate. 
" Uranium " required 15.50.0. 15.50.0. 15.30.0. 15.30.0. 

Without any addition, 15.0 c.c. were required ; and in another 
experiment, in which 30 grams of ammonic salts were present, 



5.0 0.0. 


lO.O 0.0. 


15.0 0.0. 


14-5 »» 

300 .. 
lo.o „ 


H-5 » 
40.0 „ 

6.0 „ 


14.0 „ 

50-0 i» 
2.0 „ 
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the total arsenic in the sample. It would be incorrect to report 
this as so much per cent, of arsenioun oxide, although it may be 
reported as so much per cent, of arsenic equivalent to so much per 
cent, of white arsenic, thus : — 

Arsenic . . . • 30.0 per cent. 
Equivalent to white arsenic 39.6 „ 

The equivalent of white arsenic is calculated by multiplying the 
percentage of arsenic by 1.32. The method of determining the 
percentage of arsenic is as follows : — Boil i gram of the sample 
with 10 c.c. of nitric acid. When the bulk of the solution has been 
reduced to one-half, and red fumes are no longer evolved, dilute 
with a little water, and filter into a flask. Neutralise the filtrate, 
add 5 C.C of sodic acetate solution, boil and filter. The precipitate 
(ferric arsenate) is transferred to a small beaker, treated with 5 c.c. 
of dilute ammonia, and sulphuretted hydrogen passed through it. 
The iron sulphide is filtered o£f, and the filtrate evaporated with an 
excess of nitric acid. When the solution is clear, it is neutralised, 
and I or 2 c.c. of sodic acetate solution having been added, is then 
mixed with the first filtrate. The solution is boiled and titrated. 

A sample treated in this way required 49.2 c.c. of the uranium 
acetate solution (100 c.c. = 0.537 gram of arsenic), equivalent to 
26.4 per cent. 

Determination of Arsenic in Brimstone. — ^Take 10 grams 
of the substance, and powder in a mortar ; rub up with 10 c.c. of 
dilute anmionia and a little water ; rinse into a pint flask ; pass a 
current of sulphuretted hydrogen; and warm on a hot plate for a 
few minutes. Filter, acidulate the filtrate with sulphuric add ; 
filter off the precipitate ; attack it with 10 c.c. of nitric acid ; and 
proceed as in the other determinations. 



COLOBIMETBIC METHOD. 

Arsenic compounds do not readily yield themselves to the con* 
ditions suitable for colorimetric work. There are a few coloured 
precipitates, but their solutions are colourless. 
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VOLTTMETRIC HETHODS. 

There are two methods : one for determining the arsenic in llie 
lower, and the other in the higher state of oxidation. In tlie 
first-mentioned method this is done by titrating with a standttrd 



solution of iodine ; and 
acetate. Where 
where it is most 
ous chloride, the iodine 
separated 



thou 



the latter with a solution of i 
nic already exists as arsenious oxide, oi 
tly separated by distillation as arseni- 
lethod should be used ; but when the 
magnesic arsenate or a 



Q. acet-ate titnition should be adopted. 



lODIHE PROCESS. 

This ia based on the fact tbat sodium arsenite in a solution eon- 
taining an excess of bicarbonate of soda is indirectly oxidised by 
iodine to sodium arsenate,* and that an excess of iodine may be 
recognised by the blue colour it strikes with starch. The process 
ie divided into two parts — (i) the preparation of the solution, and 
(2) the titration. 

Preparation, of the Solution, — For substances like creda 
arsenic, in which the arsenic is present as arsenions oxide, the 
method 13 as follows ; — Take a portion which shall contain from 
0.25 to 0.5 gram of the oxide, placs 
in a beaker, and cover with 10 cc of 
sodic hydrate solution; warm till dis- 
solved, put a small piece of htmas 
paper in the solution, and render acid 
with dilute hydrochloric acid. Add 
2 grams of bicarbonate of soda in solu- 
tion, filter (if necessary), and dilute to 
100 cc. The solution ia now ready 
n J I J l ^^^ titrating. 

yl Xr^ Where the arsenic has to be sepa- 

1"^ I 1 rated aa arsenious chloride, the proMSS 

Fio, 6S. is BS follows :t — ^Weigh up 1 gram of 

the finely-powdered ore (metala should 
be hammered out into a thin foil or be used as filings), and place 
in a i6-ouoce flask provided with a well-fitting cork, and cun- 
nected with a U-tube, as shown in the drawing (fig. 68). Tfie 
U-tube should contain 2 or 3 cc. of water, and is cooled by being 
> neatraliaed. 




placed ID a ja^r or large beaker of cold water. The w.tter used 

for cooling should be reuewed for each assay. 

Pour on the assay in the flask 50 c.c. of a "ferric chloride 

mixture," made by dissolving 600 grams of calcium chloride 

and 300 grams of ferric chloride in 600 c.c. of hydrochloric 

acid, and making up to i litre with water. 

Firmly cork up the apparatus, and boil over a, small Eunsen- 
burner flame for fifteen or twenty minutes, but avoid evaporating 
to dryness. Disconnect the fhiek, and pour away its conteutB at 
once to prevent breakage of the flask by their solidification. The 
arsenic will be condensed in the U-tube, together with the greater 
part of the hydrochloric acid ; transfer the distillate to a beoJier 
"washing out the tube two or three times with water; add a small 
piece of litmus paper; neutralise with ammonia: render faintly 
acid with dilute hydrochloric acid ; add 7 grams of bicai'bonate of 
soda in solution; and dilute to 250 c.c. The solution is now ready 
for titi-ating. 

The arsenic comes over in the early part of the distillation, as 
' will be seen from the following esperiment, made on i gram of 
copper precipitate; in which experiment the distillate was collected 
in separate portions at equal intervals, and the arsenic in each 
portion determined : — 



^^M To dryness ... o.o 

^TPhe volume of each distUliite was about 5 c.c. 

In this operation the metals are converted into chlorides by the 
action of ferric chloride, which gives up a part of its chlorine, and 
becomes reduced to the ferrous salt. The calcium chloride does 
not enter into the chemical reaction, but raises the temperature at 
which the solution boils, and is essential for the completion of the 
distillation." Two experiments with material containing 3.4S per 
cent, of arsenic gave— (i) with ferric chloride alone, 2.74 per 
cent.; and (2) with the addition of calcium chloride, 3,48 per cent. 

It is always necessary to make a blank determination with 
I gram of electrotype copper, to find out the amount of arsenic 
in the ferric chloride mixture.f Unfortunately, a correction ia 

* By Uiing bold ot the water present, it may prevent the dissociation 
of arsenions Mloride. 

+ It is (lifficoUto get ferric chloride free from arBenio j bnt the following 
treatment will remove 80 or 90 per cent, of tbc arsenic contained in the 
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Make a solatidn of arsenic by dissolving 6.60 grams of white 
arsenic in 100 cc. of sodic hydrate solution ; render slightly acid 
with hydrochloric add ; add 10 grams of bicarbonate of soda, and 
dilute to I litre : 100 cc. will contain 0.50 gram of arsenic. 

lEffeot of Varying Temperatmre. — The reaction goes on 
very quickly in the cold, and, since there is no occasion for heat- 
ing, all titrations should therefore be carried out cold. 

iBfTeot of Varying Bulk. — In these experiments, 20 cc. of 
arsenic solution were -taken, 2 grams of bicarbonate of soda and 
2 cc of starch solution added, and water supplied to the required 
bulk. The results were : — 

Bulk . . . 50.0 cc. 100.0 CO. 250.0 CO. 500.0 CO. 
«* Iodine" required 20.0 „ 20.0 „ 20.0 „ 20.0 „ 

Considerable variation in bulk does not interfere. 

Effeot of Varying Bicarbonate of Soda. — This salt must 
he present in each titration in considerable excess, to prevent the 
interference of free acid. The bicarbonate must be dissolved 
without heating, as neutral carbonates should be avoided. 

Bicarbonate added i g^m 2 grams 5 grams 10 grams 
" Iodine " required 2ai cc. 20.00.0. 20.10.0. 20.00.0. 

These results show that large variation in the quantity of 
bicarbonate has no effect. 

Effect of Free Acid. — In these experiments, the arsenic 
taken, the starch, and the bulk were as before, but no bicarbonate 
wafi added. In one case the solution was rendered acid with 5 cc 
of acetic add, and in the other with 5 cc of hydrochloric acid ; 
in both cases the interference was strongly marked, and no satis- 
factory finishing point could be obtained. This was much more 
marked with the hydrochloric acid. 

Effect of Foreign Salts. — ^The process for getting the arsenic 
into solution will exclude all metals except tin, but the solution 
will be charged with sodium or ammonium salts in the process of 
neutralising, so that it is only necessary to see if these cause 
any interference. The alkaline hydrates, including ammonia, 
are plainly inadmissible, since no free iodine can exist in their 
presence. Monocarbonates similarly interfere, but to a much less 
extent ; hence the necessity for rendering the assay distinctly add 
before adding the bicarbonate of soda. 

With 20 cc. of arsenic solution; and with \)ulk, soda, and 
starch as before, the results obtained were : — 
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TJEAMIC ACETATE PBOCESS. 



Thia may be looked upon hs an alternative to the gravimetric 
method. It is applicable in alt cases where the arsenic esista in 
solution as arsenic acid or as arsenate of soda. The process may 
be considered in two parts : (i) the preparation of the solution, 
and (z) the titration. 

Preparation of the Solution, — If the arsenic has been 
separated as sulphide, it ia sufficient to attack it with lo or 15 c.c. 
of nitric acid, and to heat gently till dissolved, avoiding too high 
a temperature at first. Afterwards continue the heat till the 
separated sulphur runa into globules, and the bulk of the acid 
has been reduced to 3 or 4 c.c. Dilute with 20 or 30 c.c. of ivater; 
put in a. piece of litmus paper ; and add dUute ammonia until just 
alkaline. Then add 5 c.a of the sodium acetate and acetic acid 
solution (which should make the solution distinctly acid); dilute 
to 150 c.c, and heat to boiling. The solution is i-eady for 
titratiug. 

When the arsenic exists in a nitrfc acid solution mixed with 
much copper, it is separated in the way described under 
Examination of ComTnercial Copper (Arsenic and Phosphorus), 
pages 168, i6g. 

If the areenic has been separated as ammonium -magnesium 
arsenate, and phosphates are known to be absent; dissolve the 
precipitate (after filtering, but without washing) in dilute hydro- 
chloric acid. Add dilute ammonia till a slight precipitate ia 
formed, and then 5 c.c. of the sodium acetate and acetic acid 
solution ; dilute to 150 c.c, and heat to boiling. Titrate. 

If phosphates are present (which will always he the case if 
they were present in the original substance, and no separation 
with sulphuretted hydrogen has been made), the phosphorus will 
count in the subsequent titration as arsenic (one part of phos- 
phorus counting aa 2.4 parts of arsenic). It will be necessary to 
dissolve the mixed arsenate and phosphate of magnesia in hydro- 
chloric acid. Add about four or five times as much iron (as 
ferric chloride) as the combined phosphorus and arsenic present 
will unite with, and separate by the " basic acetate " process as 
described under Phosphorus in the Examitmlion of Commerciai 
Copper, page i6g. Obviously, when phosphates are present, it i» 
easier to separate the arsenic as sulphide than to precipitate it 
with the "magnesia mixture." 

The Titration. — The staiidard solution of v,rwmum, acetate is 
made by dissolving- 34.1 grama of the salt (with the help of 35 c.g. 



of a. solution of arsenic acid stronger than that given ( 
gram As), the results at varying teraperati 



EflFect of Varying Balk. — These experiments 
last mentioned, but were titrated boiling, and the voli 
varied : — 



Considerable variations in bulk are to be avoided. 

Effect of Varying Sodium Acetate. — These esperiments 
were carried out like those I rvtt noticed, but the bulk was igo c.c, 
and varying amounts of sodic acetate were added in excess of the 
quantity used in the experiments previously descvibcil ; — 



It is evidently important that the quantity of this salt present 
in each titration be measured out, so as to avoid variation. 

Effect of Varying the Sodium Acetate and Acetic Acid 
Solution. — Acetic Acid also afi'ects tlie results, but in the opposite 
direction, by preventing the precipitation of uranium arsenate. 
With varying volumes of the solution now imder notice, the 
results were : — 



¥ 



Solution added . . o.o o.c 

" Uraninm" required 14.5 , 

Solution added . . 20.0 „ 

" Uraninm " required 13.2 „ 



These show that the quantity ordered (5 c.e.) must he adhered to. 

Effeot of Foreign Salts. — In those experiments, 10 grams of 
the salt {the effect of which it was desired to determine) were 
added to a. solution in other respects resembling those previously 
used: — 

o it .u_/i ! -^mmonic Ammouic Ammoaic Uagnesiuca 
aaltafloeu . .| g^jphate. nitrate. chloride. sulphate. 
"Uranium" required 15.5 c.c. 15 "" 

Without any addition, ig.o c.c, were required ; and in another 
experiment, in which 30 grama of ammoi ■ ■■ 




APPENDIX B. 



GOLD.* ^^H 



KBTIMATIOV OV SMALL QUAMTITIES OF 

tp (ti« "<»• (il >iiiftll bnttoni of gold the weight, can be deUmdwA 
Ifior* Mtallj' KDil ftoUUTaroly bT meuarine with the help of a. microfcapt 
llinn hy llin aolual u>e at ■ (mUnoe. Moreover, the method of meaiiiM- 
iiiDlit l> >)>t>UUKbl« to tho iloturii dilution o( quantities of gold too minnU 
lu ■flii(<t tivvn the moK ilelloAte baUnc«. 

Kur iiiuilitltlD* lit Kiilil of from ,5 to ,005 mlUfgtam a microBOOpc mill 
t liiuli iil>l*i>tlTC kikI U airoiilDoa 1* ■uituble. The measuremeDts are mftda 
Wttii tliu iii)l|i (it n Holo atiKmveil (or. better, photagraphed] on a circolai 
" * '.I on the diiipb 

<> IttWB OUQ M 

iMV lUiiBi ' 'Ilia luilluii lit irold obtained by cupelling is loosened tioia 



UiMV "t uUm whloh r«ati on the diiiphragin of the ejepieoe. Thb Ecale 
lu lli» iiliJH'i iili'D ttio ittWB OUQ M easily hrouKht into focus at tbe 

EHV llliiBi 'Ilia luilloii lit Kold obtained by cupelling is loosened tioia 
t OIIIibI liy |[«iillj' toucbinir with the moistened point of a knife; 
MHenillv Hillwivii to Iho knlto, and Is then transferred to a glass slide, 
i villi* )« |>]iwi<il un the stage of the microscope, illumiaated fnmi 
Mowt ud (lt« I'ntton Is hronght Into (ocus. and eo placed that it 
imiMwUy i)alni<lilm with tho tcale. The diameters in two or three 
ffllWMtnnii btvolillnit the fialtOQVtl aurtaoe) are then tead ofF: the different 
itimttwui balnu at't b,T rotating the e.vopiece. The mean diameter ii 
takW. 1'l>» wAuVit i>t (1» buttuD Is aiTiv«d nt by comparing with the 
Hivatl ■llanii'lcr of a H*nd*rU firiU at gold of known weight. Tlie weights 
iiii> til )lii> WM|>i>ttli>ii k>t th# i7iiba« of tha diameters. For example, suppon 
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the total arsenic in the sample. It would be incorrect to report 
this as so much per cent, of arseniou^ oxide, although it may be 
reported as so much per cent, of arsenic equivalent to so much per 
cent, of white arsenic, thus : — 

Arsenic .... 30.0 per cent. 
Equivalent to white arsenic 39.6 „ 

The equivalent of white arsenic is calculated by multiplying the 
percentage of arsenic by 1.32. The method of determining the 
percentage of arsenic is as follows : — Boil i gram of the sample 
with 10 c.c. of nitric acid. When the bulk of the solution has been 
reduced to one-half, and red fumes are no longer evolved, dilute 
with a little water, and filter into a flask. Neutralise the filtrate, 
add 5 C.C. of sodic acetate solution, boil and filter. The precipitate 
(ferric arsenate) is transferred to a small beaker, treated with 5 c.c. 
of dilute ammonia, and sulphuretted hydrogen passed through it. 
The iron sulphide is filtered off, and the filtrate evaporated with an 
excess of nitric acid. When the solution is clear, it is neutralised, 
and I or 2 c.c. of sodic acetate solution having been added, is then 
mixed with the first filtrate. The solution is boiled and titrated. 

A sample treated in this way required 49.2 c.c. of the uranium 
acetate solution (100 c.c. = 0.537 gram of arsenic), equivalent to 
26.4 per cent. 

Determination of Arsenic in Brimstone. — ^Take 10 grams 
of the substance, and powder in a mortar ; rub up with 10 c.c. of 
dilute ammonia and a little water ; rinse into a pint flask ; pass a 
current of sulphuretted hydrogen ;*and warm on a hot plate for a 
few minutes. Filter, acidulate the filtrate with sulphuric acid ; 
filter off the precipitate; attack it with 10 c.c. of nitric acid ; and 
proceed as in the other determinations. 



COLOBIMETBIC METHOD. 

Arsenic compounds do not readily yield themselves to the con- 
ditions suitable for colorimetric work. There are a few coloured 
precipitateSi but their solutions are colourless. 
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VOLUMETEIC METHODS. 

There are two methods : one for determiciog the arsenic in (lie 
lower, and the other in tbe higher state of oxidation. In ths 
first-mentioned metljod this is done by titrating with a. staniliird 
solution of iodine ; and in the latter with a solution of utanium 
acetate. Where the arsenic already exists as arsenious oxide, or 
where it is most conveniently separated by distillation as arseni- 
ous chloride, the iodine method should be used ; but when the 
arsenic is separated as anunonic-magnesic arsenate or as sulphide, 
the uranium acetate titration should be adopted. 



lODIKE PHOCESS. 



This is b 



on the fact that sodium arseniteina solution MB- 
3 of bicarbonate of soda is indirectly oxidised \>f 
iodine to sodium arsenate,* and that an excess of iodine maybe 
recognised by the blue co]onr it strikes with starch. The process 
is divided into two parts — (i) the preparation of the solution, and 
(2) the titration. 

Preparation of the Solution, — For substances like cnide 
arsenic, in which the arsenic is present as arsenioua oxide, thfl 
method is as follows : — Take a portion which shall contain from 
0.25 to 0.5 gram of the oxide, plate 
in a beaker, and cover with 10 c.c. of 
Bodic hydrate solution ; warm til! dis- 
solved, put a small piece of UtniM 
paper in the solution, and render odd 
with dilute hydrochloric acid. Add 
2 grama of bicarbonate of soda in solu- 
tion, filter (if necessary), and dilut* W 
100 c.c. The solution is now ready 
for titrating. 

Where the arsenic has to be sep*' 
rated as arsenious chloride, the process 
FiQ, 68. ia as follows :t — Weigh up i gram of 

the finely-powdered ore {metala ahonU 
be hammered out into a, thin foil or be used as filings), and plaw 
in a i6-ouuce flask provided with a well-fitting cork, and con- 
nected with a U-tube, as shown in the drawing (fig. 68). Tli» 
U-tube should contain 2 or 3 c.c. of water, and ia cooled by being 
• Na,AaO,-l-HjO-(-zI = Na^Oj + 2HI, The acid is at once neutraliwd. 
i" Mr. Tiiamaa Gibb ia the otlgimiliai of this ingeaioos pracesa. 




placed in a jar or large beaker of cold water, 
for cooling should be renewed for eacli assay. 

Pour on the assay in the flask 50 "■*!. of a. "ferric chloride 
mixture," made by dissolying 600 grains of calcium chloride 
and 300 grams of ferric chloride in 6oo c.c. of Lydrochlgfic 
acid, and making up to i litre with water. 

Firmly cork up the apparatua, and boil over a small Bunsen- 
■bumer flame for fifteen or twenty minutes, but avoid evaporating 
to dryness. Disconnect the flask, and pour away its content* at 
once to prevent breakage of the flask by their solidification. The 
arsenic will be condensed in the U-tiilae, together with the greater 
part of the hydrochloric acid ; transfer the distillate to a beaker 
washing out the tube two or three times with water ; add a small 
piece of litmus paper ; neutralise with ammonia ; render faintly 
acid with dilute hydrooliloric acid ; add 2 gi'ams of bicarbonate of 
soda in solution; and dilute to 250 c.c. The solution is now ready 
for titrating. 

The arsenic comes over in the early part of the distillation, as 
■will be seen from the following experiment, made on r gram of 
copper precipitate; in which expeiiment the difitiilate was collected 
in separate portions at equal intervals, and the arsenic in each 
portion determined : — 




I 



To drjoess 



The volume of each distillate was about 5 c.c. 

In this operation the metals are converted into chlorides by the 
action of ferric chloride, which gives up a part of its chlorine, and 
becomes reduced to the ferrous salt. The calcium chloride does 
not enter into the chemical reaction, but raises the temperature at 
■which the solution boils, and is essential for the completion of the 
diatillation.* Two experiments with material containing 3.48 per 
cent, of arsenic gave — (i) ■with ferric chloride alone, 2.74 per 
cent.; and (2} with the addition of caldum chloride, 3.48 per cent. 

It is always necessary to make a blank determination ■with 
I gram of electrotype copper, to find out the amount of arsenic 
in the ferric chloride mixture.f Unfortunately, a correction is 

• By taking hold of tho water present, it may prevent the dissociation 
of arsenious uiloride. 

t It is difficult to get ferric chloride free from arsenio ; bnt the following 
trealmont will remove So or 90 per cent. oE tbe arsenic contained in the 
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al'waj's reqoii^. This ajnoutits to about o. 1 5 per cent, ot wmnio 
on each assay, even when ihe misture has been porified ; and tlu) 
constdtntes the weakness of the methori, since, in eome easei, tba 
correctioii ia as mach as, or even, greater than, the 
be determined. 

The acid didtiUate containing the arseiiioiis chloride auj be Ut 
for an hour or so without mach fear of oxidation ; bat it is afar 
to nentraliae and then to add the bicarbonate of soda, as the tal- 
lowing experiments show. Several portiona of a soIotioD, vtA 
having a bulk of 100 c.c, were exposed for varying Inosths of 
!, and the arsenic in each determined. 



Tii»Eipo«d. 






I hoar 
3boun 

5 I 


1S.2 „ - 0,0136 „ 
17.7 „ - OJ0133 „ 
17.S „ - 0,0131 „ 
17.0 „ - 0J0117 „ 


i8.icc = 0x1136 giwi 
18.2 „ ~ aoxyi „ 
iS.Q „ = ojJt35 , 
1S.4 „ = aoijS „ 
iS.j „ = 0.0137 „ 



The Titration. — 3Iake a standard toltttion 0/ iodine by weighing 
Qp in a beaker 16.935 grams of iodine and 30 grams of poEassium 
iodide in crystals ; add a few cc of water, and, when dissolved, 
dilate to r litre : 100 c.c. will equal 0.500 gram of arsenic. 

A solution of starch similnr to th;it used in the iodide-copper 
assay will be required. Use 3 cc. for each assay. Variations m 
the quantity of starch used do not interfere ; bat the solution 
must be freshly prepared, as after seven or eight days it becomes 
ttselees. 

To standardise the iodine solution, weigh up 0.3 gram of whit« 
arsenic ; dissolve io caustic soda ; neutralise ; after acidulating, 
add 2 grams of bicarbonate of soda and ; c.c of the starch eola- 
tion, and dilute to 200 c.c with cold water. 1^1 a buret t-e having 
a glass stop-cock with the iodine s>lntioa, and nm it into ttiS 
solution of arsenic, rapidly at first, and then more caatioudy, tJH 
a final drop produces a blue colour throughout the solntJoD. 
Calculate the st;indard in the usual way. White arsenic cont«i» 
75.76 per cent, of arsenic 

The following experiments show the effect of variation in 6it 
conditions of the titration ; — 

coQunercial material : — Dissolve 2 or 3 lbs. of ferric chlorida with ttj 
EmaUest amoant of water that, will effect scdntion with the additio^a 
too c.c. of hydrochloric acid; add a solation of ^alpbiirous acid in qiuuMUf 
Boffident torednco 2 or3percent. of theiron to the fBiTona state j llW 
to stand a week ; and tbea boil, to remove the hTdrochlorio aqld nUA 
JRtric acid, which is BreinaiQal,uiiaQTCmaTCdbt this " 
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Make a solution of arsenic by dissolving 6.60 grams of white 
arsenic in 100 c.c. of sodic hydrate solution; render slightly acid 
with hydrochloric add ; add 10 grains of bicarbonate of soda, and 
dilute to I litre : 100 c.c. will contain 0.50 gram of arsenic. 

Sffeot of Varying Temperature. — The reaction goes on 
very quickly in the cold, and, since there is no occasion for heat- 
ing, all titrations should therefore be carried out cold. 

Sffeot of Varying Bulk. — In these experiments, 20 c.c. of 
arsenic solution were taken, 2 grams of bicarbonate of soda and 
2 c.c. of starch solution added, and water supplied to the required 
bulk. The results were : — 

Bulk . . . 50.0 C.C. 100.0 CO. 250.0 c.c. 500.0 c.c. 
"Iodine" required 20.0 „ 2ao „ 20.0 „ 20.0 „ 

Considerable variation in bulk does not interfere. 

Effect of Varying Bicarbonate of Soda. — ^This salt must 
be present in each titration in considerable excess, to prevent the 
interference of free acid. The bicarbonate must be dissolved 
without heating, as neutral carbonates should be avoided. 

Bicarbonate added i gram 2 grams 5 grams 10 grams 
"Iodine" required 2a i c.c. 20.0 c.c. 20.1 c.c. 20.0 c.c. 

These results show that large variation in the quantity of 
bicarbonate has no effect. 

Effect of Free Acid. — In these experiments, the arsenic 
taken, the starch, and the bulk were as before, but no bicarbonate 
was added. In one case the solution was rendered acid with 5 c.c. 
of acetic add, and in the other with 5 c.c. of hydrochloric acid ; 
in both cases the interference was strongly marked, and no satis- 
factory finishing point could be obtained. This was much more 
marked with the hydrochloric acid. 

Effect of Foreign Salts. — ^The process for getting the arsenic 
into solution will exclude all metals except tin, but the solution 
will be charged with sodimn or ammonium salts in the process of 
neutralising, so that it is only necessary to see if these cause 
any interference. The alkaline hydrates, including ammonia, 
are plainly inadmissible, since no free iodine can exist in their 
presence. Monocarbonates similarly interfere, but to a much less 
extent ; hence the necessity for rendering the assay distinctly add 
before adding the bicarbonate of soda. 

With 20 c.c. of arsenic solution; and with \)ulk, soda, and 
itareh as before, the results obtained were : — 
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TLis may be looked upon as an alternative to the gravimetric 
method. It is applicable iD all cases where the arsenic exists in 
solution as arsenic acid or as arsenate of soda. The process may 
be considered in two parts: (i) the preparation of the solution, 
and {2) the titration. 

Preparation of the Solution. — If the arsenic has been 
separated as sulphide, it is sufficient to attack it with 10 or 15 cc. 
of nitric acid, and to heat gently till dissolved, avoiding too high 
a temperature at first. Afterwards continue the heat till the 
separated sulphur runs into globules, and the bulk of the acid 
has been reduced to 3 or 4 c.c. Dilute with ao or 30 c.c. of water ; 
put in a piece of htmus paper; and add dUute ammonia until just 
alkaline. Then add 5 c.c. of the sodium acetate and acetic aciJ 
solution (which should make the solution distinctly acid); dilute 
to 150 c.c, and heat to boihng. The soUition is ready for 
titrating. 

When the arsenic exists in a nitrFc acid solution mised with 
much copper, it is separated in the way described under 
Examination of Commercial Copper (Arsenic and Phosphorus), 
pages 16S, 169. 

If the arsenic has b _ 

arsenate, and phosphates are known to be absent; dissolve th& 
precipitate (after filtering, but without washing) in dilute hydro- 
chloric acid. Add dUute ammonia till a slight precipitate is 
formed, and then 5 c.c, of the sodium acetate and acetic acdd 
solution; dilute to 150 c.c, and beat to boihng. Titrate. 

If phosphates are present (which will always be the case if 
they were present in the original substance, and no separation 
with sulphuretted hydrogen has been made), the phosphorus will 
count in the subsequent titration as arsenic (one part of phos- 
phorus counting as 2.4 parts of arsenic). It will be necessary to 
dissolve the mixed arsenate and phosphate of magnesia in hydro- 
chloric acid. Add about four or five times as much iron (as 
ferric chloride) as tlie combined phosphorus and arsenic present 
will unite with, and separate by the " basic acetate " process as- 
described under Phosphorus in the Examination of Gommereiot 
Copper, page 169. Obviously, when phosphates are present, it is- 
easier to separate the arsenic BS sulphide than to precipitate it 
with the " magnesia misture." 

The Titration. — The staiidard solution of uraniwm acetate is 
made by dissolving 34.1 grams of the salt (with the help of 35 c.g. 
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of a solution of arsenic add stronger than that given ( loo <;.e. >= 0.5 
gram As), the results at varying temperatures were : — 

Temperature . . 15* 0. 30* 0. 70* 0. 100° 0. 
"Uranium" required 18.0 c.o. 18.5 o.a 18.50.0. 18.70.0. 

Effect of Varying Bulk. — ^These experiments were like those 
last mentioned, but were titrated boiling, and the volume was 
varied : — 



Bulk .... 50.0 0.0. 100.0 c.a 200.0 0.0. 300.0 0.0. 
Uranium " required 14.0 „ 14.0 „ 14.5 ,, 15.0 „ 



« 



Considerable variations in bulk are to be avoided. 

Effect of Varying Sodium Acetate. — ^These experiments 
were carried out like those last noticed, but the bulk was 150 e.c, 
and varying amounts of sodic acetate were added in excess of the 
quantity used in the experiments previously described : — 

Sodio acetate added o gram i gram 10 grams 20 grams 
'* Uranium " required 14.5 o.c. 14.50.0. 16.00.0. 18.0 c.o. 

It is evidently important that the quantity of this salt present 
in each titration be measured out, so as to avoid variation. 

Effect of Varying the Sodium Acetate and Acetic Acid 
Solution. — Acetic Acid also affects the results, but in the opposite 
direction, by preventing the precipitation of uranium arsenate. 
With varying volumes of the solution now under notice, the 
results were : — 

Solution added . . 0.0 0.0. 5.0 0.0. lo.o c.o. 15.0 0.0. 

" Uranium " required 14.5 ^ 14.5 „ 14.5 „ 14.0 „ 

Solution added . . 20.0 „ 30.0 „ 40.0 „ 50.0 „ 

** Uranium " reqtdred 13.2 „ lo.o „ 6.0 „ 2.0 „ 

These show that the quantity ordered (5 c.c.) must be adhered to. 

Sffect of Foreign Salts. — In these experiments, 10 grams of 
the salt (the effect of which it was desired to determine) were 
added to a solution in other respects resembling those previously 
used : — 

S It tulAcA i •^'^'^o^i<5 Ammonio Ammonio Magnesium 

• • I sulphate. nitrate. chloride. sidphate. 
"Uranium" required 15.5 c.o. 15.5 c.o. 15.3 0.0. 15.3 c.c. 

Without any addition, 15.0 c.c. were required ; and in another 
experiment, in which 30 grams of ammonic salts were present. 
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jiMs good results 

. ein MiqnekeL— Weigh up i gram 

«f lIm 'Iri'ul »ai powdered ore, ai>d evaporate to near drynees witli 
i/i I'js. of dilrjU nitrie Mtd. Make up to loo c.cl with water, aai 
|HiM> Rulphurottad hydrogen to reduLe the ferric iron to the ferrous 
iilMto, fili#n lul'l 30 n.c of diliit« ammonia, and agaia pass sulphu- 
rttttn'l liy'lrof(*"i' WuTn, filter, and evaporate the filtrate to drive 
off blin MiiuMt uf ninmonia; then add 10 c.c. of nitric acid, and boQ 
down llll tliu NiilphUlu of umenic at first precipitated is dissdrod; 
iioiiI'I'iiIImi; lulil 5 <i,ti. of Hodium acetate and acetic acid solaticn; 
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Ji'iii-iuiaiii|>lii, ail ittiiiiiruwitnple of ore required, in duplicate saa; 
of liivK a gvnm imoli, wlioii twated in the above-mentioned way, 39^ 
and .iy.5 »'. of Mil' nrnuiiim acetate solution ( 100 c c. = 0.537 g™"* 
(j animiJo), (H|iiiviilcut U) 0.>I14 gram of arsenic, or 43.3 per oeat 

SatornttiiMtlon of Anaoio (As) in Grade Araanic.— llu 

—MiluMt civi^ii uikdor thtt iudiiitt titra^on simpt; deteimiaes t^ 

iv( iho at-rnvDio which is jpms«ot in dw safaGtaaoe m 

» <,ixid« tv whiM Mwoie. TiMfoUa 
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the total arsenic in the sample. It would be incorrect to report 
this as so much per cent, of arseniou^ oxide, although it may be 
reported as so much per cent, of arsenic equivalent to so much per 
cent, of white arsenic, thus : — 

Arsenic . • • • 30.0 per cent. 
Equivalent to white arsenic 39.6 „ 

The equivalent of white arsenic is calculated by multiplying the 
percentage of arsenic by 1.32. The method of determining the 
percentage of arsenic is as follows : — Boil i gram of the sample 
with 10 CO. of nitric acid. When the bulk of the solution has been 
reduced to one-half, and red fumes are no longer evolved, dilute 
with a little water, and filter into a flask. Neutralise the filtrate, 
add 5 C.C. of sodic acetate solution, boil and filter. The precipitate 
(ferric arsenate) is transferred to a small beaker, treated with 5 c.c, 
of dilute ammonia, and sulphuretted hydrogen passed through it. 
The iron sulphide is filtered off, and the filtrate evaporated with an 
excess of nitric acid. When the solution is clear, it is neutralised, 
and I or 2 c.c. of sodic acetate solution having been added, is then 
mixed with the first filtrate. The solution is boiled and titrated. 

A sample treated in this way required 49.2 c.c. of the uranium 
acetate solution (100 c.c. = 0.537 gram of arsenic), equivalent to 
26.4 per cent. 

Determination of Arsenic in Brimstone. — ^Take 10 grams 
of the substance, and powder in a mortar ; rub up with 10 c.c. of 
dilute ammonia and a little water ; rinse into a pint flask ; pass a 
current of sulphuretted hydrogen ;'and warm on a hot plate for a 
few minutes. Filter, acidulate the filtrate with sulphuric acid ; 
filter off the precipitate; attack it with 10 c.c. of nitric acid ; and 
proceed as in the other determinations. 



COLOBIMETBIC METHOD. 

Arsenic compounds do not readily yield themselves to the con* 
ditions suitable for colorimetric work. There are a few coloured 
precipitates, but their solutions are colourless. 
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PHOSPHORUS AjSD PHOSPHATEa ^H 

Phoephoroa rarely occurs among minerals except in its highest 
oxidizeii state, phoephoric oside (P^Oj), in which it cx^curs abund- 
antiy as '■ rock phoephate/' a Tarietr of apatite which is mainly 
phoephate of liine. Phosphates of most of the metallic oxides are 
foond. Phoephoric oxide in smaR qtiantities is widely diffused, 
and is a constituent of most rocks. Its presence in varying 
fimouDts in iron ores is a matter of importance, since it affeeta tie 
qaality of the iron obtainahle from them. 

Phosphorus occnrs in alloys in the unoxidized state. It is 
directly combined with the metal, forming a phosphide. In this 
manner it occurs in meteoric iron. The alloy phosphor-brome 
is made up of copper, tin, idnc, and phosphorus. 

Phosphates are mined in large quantities for the use of mannn 
manufacturers, and for makiDg phosphorus. 

Phosphorus and arsenic closely resemble each other in thdr 
chemical properties, more especially those which the assayer makes 
use of for their determination. Phosphorus forms several seriK 
of salts ; hut the phosphates are the only ones which need be 
considered. Pyrophosphate of magnesia, which is the form in 
which phosphoric oxide is generally weighed, differs from the 
ordinary phosphate in the proportion of base to add. Meta- 
phosphates differ in the same way. If these are present, it must 
be remembered they act differently with some reagents from the 
ordinary phosphates, which are called orthophosphates. They 
are, however, all convertible into orthophosphates by some meant 



rnospiioRus and fiiosphates. 
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trliich will remove their base, such as fufdon with alkaline car- 
bonates, boiling with stcong acids, ic* 

Phosphides are converted into phosphates by the action of 
nitric acid or other oxidizing agents. Dilute acids, when they 
acton the substance, evolve phosphuretted hydrogen (PH,). The 
student should be on his guard against losing phosphorus in this 



There is no dry assay for phosphorus. AH assays for it are 
made either gravi metrically or volumetricsJly. 

The separation of phosphoric oxide is made as follows : — The 
ore or metal ia dissolved in acid and evaporated, to render the 
dlioa insoluble. It is talcen up with hydrochloric acid, diluted 
with water, and treated with sulphuretted hydrogen. The filtrate 
iB boiled, to get rid of the excess of gas, and treated with nitric 
acid, to peroxidise the iron present. If the iron is not present in 
more than, sufficient quantity to form ferric phosphate with all 
the phosphorus present, some ferric chloride is added. The iron 
is then separated aa basic acetat-e. The precipitate will contain 
the phosphorus, together with any arsenic acid not reduced by 
the sulphuretted hydrogen. The precipitate should have a 
decided brown colour. The precipitate is washed, transferred to 
a flask, and treated first with ammonia, and then with a current 
of sulphuretted hydrogen. The filtrate from this (acidulated 
with hydrochloric acid, and, if necessary, filtered) contains the 
phosphorus as phosphoric acid. This method is not applicable in 
the presence of alumina, chromium, titanium, or tin, if the solu- 
tion Ls elTected with nitric acid. The precipitate obtained by the 
action of nitric acid on tin retains any phosphoric or arsenic oxide 
that may be present. 

A method of separation more generally applicable and more 
convenient to work is based on the precipitation of a yellow phos- 
pbo-molybdate of ftmmonia,t by the action of an excess of ammonic 
molyhdate upon a solution of a phosphate in nitric acid. Dissolve 
the substance by treatment with acid, and evaporate to dryness. 
Take up with lo c.c of nitric acid, and add 20 grams of ammonic 
nitrate, togetherwith a. little water. Next put in the solution of 
ammonium molybdate solution in the proportion of about 50 c.c. foi' 
each 0,1 gramof phosphoric oxide judged to be present. Warm to 
about 80° C, and allow to stand for an hour. Filter, and wash 

* The coDstitDtion of these phosphates imay be thus illustrated — 

Magnesio meta-phosphate Me'O.PjO^. 

Mafinesio pjro-phosphate aMgO.VjO,. 

Magnesic ortbo-plioaphate 3MgO,F,U,. 
f The composition of whion is — 

MoO, go-r-l, P,0, 3.14, (NH,),0 3.57, H,0 j-SS = i^c-co. 
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always required. This amoimta to about 0.15 percent, of 
on ea«h assay, even when the mixture has been purified ; and thil 
constitutes the weakness of the method, since, in some cases, the 
correction is aa much as, or even greater than, the pereentagflto 
be determined. 

The acid distillate containing the araenious chloride may be left 
for an hour or so without much fear oE oxidation ; but it is safer 
to neutralise and then to add the bicarbonate of soda, as the fol- 
lowing experiments show. Several portions of a solution, eadi 
having a bulk of 100 c.c, were exposed for vaj^ing lenEdis of 
time, and the arsenic in each determined. 
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1 hour 

2 hours 

5 M 


18.2 CO. — 0.0136 gram 
iS.3 „ - 0.0136 „ 
i;.7 .. - 0.0133 .. 
17.S ,. - 0.0131 „ 

17.0 „ - O.OI27 .. 


18.1 C 

18.Z , 
]8.o , 
18,4. , 
18.3 . 


= 0.0137 - 



The Titration. — Make a standard wlutionof iodine by weigliing 
up in a beaker 16.933 grams of iodine and 30 grams of potnssium 
iodide in crystals ; add a fow c.e, of water, and, when dissolved, 
dilute to I litre r 100 c.c. will equal 0.500 gram of arsenic. 

A solution of starch similar to that used in the iodide-coppM 
assay will be required. Use 2 c.c. for each assay. Variations in 
the quantity of starch used do not interfere ; but the solution 
must be freshly prepared, as after seven or eight days it becomes 
useless. 

To standardise the iodine solution, weigh up 0.3 gram of white 
arsenic ; dissolve in caustic soda ; neutralise ; after acidulating, 
add 2 grama of bicarbonate of soda and 2 c.c of the starch solu- 
tion, and dilute to 200 c.c with cold water. Pill a burette having 
a glass stop-cock with the iodine solution, and run it into the 
solution of arsenic, i-apidly at first, and then more cautiously, ^ 
a final drop produces a b-lue colour throughout the solution. 
Calculate the standard in the usual way. White arsenic contftiM 
75.76 per cent, of arsenic. 

The following experimentiS show the effect of variation in tlw 
conditions of the titration :■ — - 

commeroial material : — Dissolve a or 3 Iba. of ferric chloride with the 
smallest amount of water tliat will effect solution with the additio^' 
loo c.c. of bjUrDchloric acid; add a solution of sulphuroosacidinqoaiW 
Bufflcicnt to redooo 2 or 3 per cent, of the iron to the ferrous state *""' 
to stand a week 1 and then boil, to remove the hydrochloric add. 
Nitric acid, which ia ntejudiciai, ia a\Btj tcmaved hy this ' 



rrous state I iSfH- 
loric acid ^11^ 
treatmeat. ^^^^| 



ARSEKIG. 

Make a solution of arsenic by dissolving 6,60 grams of white 
nrsenic in 100 c.c. of sodie hydrate solution ; render slightly aciJ 
xvith hydi'ochloric acid; add 10 gmins of bicarbonate of soda, and 
dilute to I litre : 100 c.c. will contain 0.50 gram of arsenic. 

Effect of Varying Temperatore. — -The reaction goes on 
very quickly in the cold, and, since there is no occasion for heat- 
ing, all titrations should the:'efore be carried out cold. 

Sffect of "Varying Bulk. — In these experiments, 20 c.c. of 
a,rsenic solution wei'e taken, 2 grams of bicarbonate of soda and 
2 c.c. of starch solution added, and water supplied to the required 
bulk. The results were ;— 

Bulk . . 50.0 CO. 100.0 p-.c. 250.0 c 



Considerable variation in bulk does not interfere. 

Sffeot of Varying Bicarbonate of Soda.— This salt must 
be present in each titration in considerable excess, to prevent the 
interference of free acid. The bicarbonate must be dissolved 
without heating, as neutral carbonates should be avoided. 






; grams 5 grama 



L the quantity of 



These results show that large variiition i 
bicarbonate has no effect. 

Effect of Free Acid. — In these experiments, 
taken, the starch, and the bulk were as before, but no bicai'bonate 
was added. In one cose the solution was rendered acid with 5 c.c. 
of acetic acid, and in the other with 5 c.c. of hydrochloric acid ; 
in both cases the interference was strongly marked, . " 
factory finishing point could be obtained. This was much more 
marked with the hydroi^hloric acid. 

Effect of Foreign Salts. — The process for getting the arsenic 
into solution will exclude all metala except tin, but the solution 
will be charged with sodium or ammon" 
neutralising, so that it is only necessary to see if these ( 
any interference. The alkaline hyilrates, including i 
are plainly inadmissible, since no free iodine can exist in their 
presence. Monocarhonatea similai'ly interfere, but to a much less 
extent ; hence the necessity for rendeiing the a.ssay distinctly add 
before adding the bicarbonate of soda. 

With 20 c.c. of arsenic solution ; and with Wlk, soda, and 
starch as before, the results obtained were : — 




e.— V^ balk, staich, and sodi 







! B> Welallift Copper.— Put i 
■ cf tfcca^far ^^\£md bm puticles of the fileiritli 
'■k; aad fstil with the ferric chloiide 
ltd. TiBliilin the distillate ; addify; 
; dihrt« ; and titrate with the 
Make « Uaok det«nniDiition vith 
er, |«ooeediiig exactly ns mA the 
nt of usenic found in this experi- 
ment froa that {vcnondr eUainc^ 

Working in this «st on a copper containing 0.38 per cent, of 
arsenic and aSo per cent. (A antimonr, 0.3S per cent, of arsenic 
vas fonnd. 

Detenninftttan of Wliit© Arsenic in Crude Araenia— 
Weigh out I gram of the dried and powdered substance (or 0.$ 
gram if rich), and digest with jo c.c of a 10 per cent. Bolntionof 
soda; dilutfl to about 50 c.c, and filter. Kender faintly aiiii 
with hydrochloric acid, and filter (if necessary) ; add a or 3 grams 
of bicarbonate of soda in eolation, then 5 c.e. of starch, aoo 
titrate the cold solution with the standard solution of iodine. 
The following is an example ; — 

1 gram of cnids arsenic required 53.7 c.c. " Iodine: 
100 c.c. " Iodine " = 0,6000 gram white arsenic; 
100 : S3.7::q.6 : 0.3:122, or 32.2 per cent. 
With the test-tube method of dry a.^aayiag, this samesam^ 
results varying from 33 to 35 per cent, of white arsenic, 
(judging from its appeaiance) was impure. 

• Vihen the aiDmint of nrsenic Co be estimated is small (as ia reflnsil 

ooDTvrs). it is better to use a, weaker Eolution of iodine. Thia is made b; 

*iag 200 c.c ot the Btniidard iolution with water to i litre. Each co- 

Vaal 0.1 per cent., it i gram of the metal baa been taktai tix tto 
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TJBANIC ACETATE PROCESS. 

This nmy be looked upon as an alternative to the gravimetric 
method. It ib applicable in all cases where tbe arsenic exists in 
solution ns areenic acid or as arsenate of soda. The process ma; 
be considered in two parts r (i) the preparation of the solution, 
and (a) tbe titration. 

Preparation of the Solution.— If the arsenic has been 
separated as sulphide, it is sufficient to attack it with lo or 15 c.c, 
of nitric acid, and to heat gently till dissolved, avoiding too high 
a temperature at first. Afterwards continue the heat till the 
sepu^ited sulphur runs into globules, and the bulk of the acid 
has been reduced to 3 or 4 c.c. Dilute with 20 or 30 c.c, of water ; 
put in a piece of litmus paper ; and add dilute ammonia until just 
alkaline. Then add 5 c.c. of the Bodium acetate and acetic acid 
solution {which should make the solution distinctly acid); dilute 
to I go c.c, and heat to boiling. The solution is ready for 
titrating. 

When the arsenic exists in a nitric acid solution mixed with 
much copper, it is separated in the way described under 
Examination of Commercial Copper (Arsenic and Phosphorus), 
pages 1 68, 169. 

If tbe arsenic has been separated as ammonium -magnesium 
arsenate, and phosphates are known to be absent; dissolve tbC' 
precipitate {after filtering, but without washing) in dilute hydi-o- 
chloric acid. Add dilute ammonia till a slight precipitate i& 
formed, and then 5 c.c. of the sodium acetate and acetic acid 
solution ; dilute to 150 c.c, and heat to boiling. Titrate. 

If phosphates are present (which will always be the case if 
they were present in the original substance, and no separation 
with sulphuretted hydrogen has been made), the phosphorus will 
count in the subsequent titration as arsenic {one part of phos- 
phorus counting as 2,4 parts of arsenic). It will be necessary to 
dissolve the mixed arsenate and phosphate of magnesia in hydro- 
chloric acid. Add about four or five times as much iron (as 
ferric chloride) as the combined phosphorus and arsenic present 
will unite with, and separate by the " basic acetjite " process as- 
described under Phosphorub in the Examination of Commerciat 
Copper, page 169. Obviously, when phosphates are present, it is. 
easier to separate the arsenic as sulphide than to precipitate it 
with the " magnesia mixture," 

The Titration. — ^The slaiidard gotution of uraniuTn acetate is 
made by dissolving 34.1 grams of the salt (with the help of 35 c.c. 
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^X solution of arsenic acid stronger than that given (loo c.c. >= 0.5 
^on As), the results at varying temperatures were : — 

Temperature . . 15° C. 30' 0. 70' C. 100* 0. 
"Uranium" required 18.0 c.c. 18.5 c.a 18.50.0. 18.70.0. 

IKfFect of Varsring Bulk. — These experiments were like those 
&*€} mentioned, but were titrated boiling, and the volume was 
•>ned : — 



Bulk .... 5ao CO, loo.o co. 200.0 c.c. 300.0 c.c. 
Uranium ** required 14.0 „ 14.0 „ 14.5 „ 15.0 „ 



«< 



donsiderable variations in bulk are to be avoided. 

lEffect of Varying Sodiiun Acetate. — These experiments 
ere carried out like those last noticed, but the bulk was 150 c.c, 
:id varying amounts of sodic acetate were added in excess of the 
Uantity used in the experiments previously described : — 

Sodic acetate added o gram i gram 10 grams 20 grams 
" Uranium '* required 14.5 c.a 14.5 0.0. 16.0 c.c. 18.0 co. 

It is evidently important that the quantity of this salt present 
Q each titration be measured out, so as to avoid variation. 

Effect of Varying the Sodium Acetate and Acetic Acid 
iolution. — Acetic Acid also affects the results, but in the opposite 
irection, by preventing the precipitation of uranium arsenate. 
7ith varying volumes of the solution now under notice, the 
3sults were : — 

Solution added . • 0.0 c.c 5.00.0. lo.occ 15.00.0. 

" Uranium " required 14.5 ^ 14.5 „ 14.5 „ 14.0 „ 

Solution added . . 20.0 „ 30.0 „ 40.0 „ 50.0 „ 

" Uranium " required 13.2 „ lo.o „ 6.0 „ 2.0 „ 

These show that the quantity ordered (5 c.c.) must be adhered to. 

Effect of Foreign Salts. — In these experiments, 10 grams of 
tie salt (the effect of which it was desired to determine) were 
dded to a solution in other respects resembling those previously 
sed : — 

Salt added / Ammonic Ammonio Ammonic Magnesium 

oai ea . .j sulphate. nitrate. chloride. siiSphate. 

" Uranium " required 15.50.0. 15.50.0. 15.30.0. 15.30.0. 

Without any addition, 15.0 c.c. were required ; and in another 
xperiment, in which 30 grams of ammonic salts were present^ 
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TEXT-BOOK OF ASSAYIKG. 

boiling with carbonate of soda and neutralising) by gii'iog with 
nitrate of silver a red precipitate, and with " magnesia mixture " a 
■whit-e crystfl,lline one. 

Dry Assay. — There is no dry assay which is trustworthy. Ths 
following method ia sometimes used to find the proportion of 
arsenioua oxide in " crude arsenic " ; — Weigh up 5 grams of the 
dried sample, and place them in a clean dry test-tube about 6 inches 
long. Tie a small filter-paper over the m.outh of the tube, bo as to 
prevent air-currents. Heat the tube cautiously so as to sublimB 
off the white arsenic into the upper pait of the tube. Cut off the 
bottom of the teat-tube by wetting whUst hot. Scrape out tho 
arsenic and weigh it. The weight gives an approidmate idea of 
the quantity, and the colour of the quality, of the white araenic 
obtainable Sivia the sample. Some workers (sellers) weigh the 
residue, and determine the white arsenic by difference. In detw- 
mining the percentage of moisture in these samples, the substance 
is dried on a water-bath or in a water-oven, 

WET METHODS. 

Solution. — Where, as in crude arsenic, the substance i» 
arsenious oxide (AsjOj) mixed with impurities, the arsenic is beat 
got into solution by warming with caustic soda, and neutralising 
the excess with hydrochloric acid ; it will be present as sodinin 
aisenite. Metals and alloys are acted on by means of nitric acid; 
or the arsenic may be at the same time dissolved and separated hr 
distilling with a strougly*acid solution of ferric chloride, in the 
way described under Volumetric Methods. 

With minerals, mattes, &c., solution is thus effected ;^The 
finely-powdered substance'is mixed (in a large platinum or poi'ce- 
lain crucible) with from sis to ten times its weight of a mistiiceof 
equal parts of carbonate of soda and nitre. The mass is then 
heated gradually to fusion, and kept for a few minutes in that Efatfl. 
When cold, it is extracted with warm water, and filtered from the 
insolnble residue. The solution, acidified with nitric acid ani 
boiled, contains the arsenic as sodium arsenate. With mispiokel) 
and these subptances which easily give off arsenic on heating, the 
substance is first treated with nitric acid, evaporated to diyn^ 
and then the residue is treated in the way just described. 

When the arsenic is present as arsenite or arsenide, distillation 
with an acid solution of ferric chloride will give the whole of the 
wsenic in the distillate free from any metal except, perhnps. 
tin as stannic chloride. With arsenates, dissolve the aubstanw 
in acid and then add an excess of soda. Pass sulphuretted 
hydrogen into the solution; warm, and filter. Acidulate the 
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filtrate, and pass sulphuretted hjdrogen. Decant off the liquid 
through a filter, and digest the precipitnte with ammonio carhonate ; 
filter, and re-pre«pitate with hydrochloric acid and sulphuretted 
hydrogen. Allow to stand in a, warm place, and filter off the 
yellow sulphide of arsenic Wash it into a beaker, clean the filter- 
paper (if necessary) with a drop or two of dilute ammonia ; evapo- 
rate with loc.C. of dilute nitric add to a small bulk ; dilute; and 
£lter off the globules of sulphur. The filtrate contains the arsenic 
as areenio acid. 

GBAVIMETEIC METHOD. 

Having gotthearsenic into solution as ai'senic acid, and in a volume 
not much exceeding 50 c.c., add about 20 cc. of dilute ammonia 
and 20 c.c. of " magnesia mixture." Stir with a glass rod, and allow 
to settle overnight. Filter, and wash with dilute ammonia, avoid- 
ing the use of large quantities of wash water. Dry, transfer the 
precipitate to a Berlin crucible, and clean the filter-paper 
thoroughly. Bum this paper carefully and completely ; and add 
the ash to the contents of the crucible, together with 4 or 5 drops 
of nitric add. Evaporate with a Bunsen burner, and slowly 
ignite, finishing off with the blow-pipe or muffle. Cool, and weigh- 
The ignited precipitate is pyraraenate of magnesia {Mg^R,Oj), and 
contains 48. 4 per cent, of arsenic (As). 

Instead of igniting the precipitate with nitric acid, it may b* 
collected on a weighed filter-paper, dried at 100° C, and weighed 
as ammonic-magnesic arsenate (aAJnMgAsO^.IIjO), which contains 
39.5 per cent, erf arsenic. The resuHs in this case are likely to bp 
a little higher. The drying is very tedious, and is likely to leave 
behind more water than is allowed for in the formula. In a series 
of determinations in which the arsenic was weighed in both forms, 
the results were : — 



Dgiuni. 


Ingnmi. 


O.OOSO 


0.0032 


0.0400 










0.0632 




O.I5S0 


0.7990 


0.3156 



0330 
0633 



.0031 
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VOLUMETBIC METHODS. 

There are two methods ; one for determioing the arsenic in (he 
lower, and the other in the higher state of oxidation. In lb* 
jirst-mentioned method this is done by titrating with a standud 
solution of iodine ; and in the latter with a solution of uraniam 
acetate. Where the arsenic already exists as arseniouB oxide, or 
where it is most conveniently separated by distillation ae arseni- 
ous chloride, the iodine method should be used ; but when the 
arsenic is separated as ammonic-magnesic arsenate or as sulpUd^ 
licetale titration should be adopted. ^^H 



This 
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IODINE PBOCESS. ^^ 

m the fact that sodium arsenifce in a Bolution con- 
1 of bicarbonate of 6oda is indirectly oxidised by 
iodine to sodium arsenate,* and that an excess of iodine nrnybs 
recognised by the blue colour it strikes with starch. The process 
is divided into two parts — (i) the preparation of the solution, and 
(2) the titration. 

Freparatiou of the Solution. — For substances like crude 
arsenic, in which the arsenic is present as arsenious oxide, the 
jnethod is as follows : — Take a portion which shall contain from 
0.25 to o.g gram of the oxide, p!sM 
in a beaker, and cover with ro c.c. of 
sodic hydrate solution ; warm till dis- 
solved, put a small piece of litnias 
paper in the solution, and render adi 
with dilute hydrochloric acid. Add 
2 grama of bicarbonate of soda in snla- 
tion, filter (if necessary), and diluMto 
100 c.c. The solution is now resdj 

ij I J I for titrating. 

0|O Where the arsenic has to be eepi- 

-~-i 1 rated aa arsenious chloride, the proMS 

is as follows :t — ^Weigh up 1 gram of 
tbe finely-powdered ore (metals shoaH 
. out into a thin foil or be used as filings), and plii« 
in a i6-ouuce fiask provided with a well-fitting cork, and ixm- 
nacted with a U-tube, as shown in the drawing (fig, 68). 1^ 
U-tube should contain 3 or 3 c.c. of water, and is cooled by being 

• NaaAsO,4-H;0 + 2l = NiviBO, + 2HI, The acid is at once neutraliaei | 
t Mr. Thomaa Gibb is the odginator of tbia iugeoioas process. 




Fia, 68. 
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placed in a jar or large beaker of cold water. The water used 
for cooling should be renewed for each assay. 

Pour on the assay in the flask 50 c.c. of a " ferric chloride 
mixture/' made by dissolving 600 grams of calcium chloride 
and 300 grams of ferric chloride in 600 c.c. of hydrochloric 
acid, and making up to i litre with water. 

Firmly cork up the apparatus, and boil over a small Bunsen- 
bumer flame for fifteen or twenty minutes, but avoid evaporating 
to dryness. Disconnect the flask, and pour away its contents at 
once to prevent breakage of the flask by their soHdiflcation. The 
arsenic will be condensed in the U-tube, together with the greater 
part of the hydrochloric acid ; transfer the distillate to a beaker 
washing out the tube two or three times with water ; add a small 
piece of litmus paper ; neutralise with ammonia ; render faintly 
acid with dilute hydrocliloric acid ; add 2 grams of bicarbonate of 
soda in solution ; and dilute to 250 c.c. The solution is now ready 
for titrating. 

The arsenic comes over in the early part of the distillation, as 
"will be seen from the following experiment, made on i gram of 
copper precipitate; in which experiment the distillate was collected 
in separate portions at equal intervals, and the arsenic in each 
portion determined : — 



Time 
Distilling. 


Iodine 
Cequircd. 


Equivalent to Arsenic 
in tlie I>istillute. 


5 minutes 


12.0 C.C. 


0.0450 gram 


5 .. 


0.17 „ 


0.0005 „ 


5 .. 


0.0 „ 




5 », 
To dryness 


0.0 „ 
0.0 „ 





The volume of each distillate was about 5 c.c. 

In this operation the metals are converted into chlorides by the 
action of ferric chloride, which gives up a part of its chlorine, and 
becomes reduced to the ferrous salt. The calcium chloride does 
not enter into the chemical reaction, but raises the temperature at 
which the solution boils, and is essential for the completion of the 
distillation.* Two experiments with material containing 3.48 per 
cent, of arsenic gave — (i) with ferric chloride alone, 2.74 per 
cent.; and (2) with the addition of calcium chloride, 3.48 per cent. 

It is always necessary to make a blank determination with 
I gram of electrotype copper, to find out the amount of arsenic 
in the ferric chloride mixture.! Unfortunately, a correction is 

« By taking bold of the water present, it may prevent the dissociation 
of arsenions ^oride. 

f It is diflScoltto get ferric chloride free from arsenio ; but the following 
treatment wiU remove 80 or 90 per cent, of the arsenic contained in the 
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Make a solution of arsenic by dissolving 6.60 grams of white 
arsenic in 100 c.c. of sodic hydrate solution ; render slightly acid 
with hydrochloric acid ; add 10 gi-ams of bicarbonate of soda, and 
dilute to I litre : 100 c.c. will contain 0.50 gram of arsenic. 

Effect of Varying Temperatmre. — The reaction goes on 
very quickly in the cold, and, since there is no occasion for heat- 
ing, aU titrations should therefore be carried out cold. 

Effect of Varying Bulk. — In these experiments, 20 c.c. of 
arsenic solution were 'taken, 2 grams of bicarbonate of soda and 
2 c.c. of starch solution added, and water supplied to the required 
bulk. The results were : — 

Bulk . . . 50.0 CO. 100.0 c.c. 250.0 c.c. 500.0 c.c. 
"Iodine" required 20.0 „ 20.0 „ 20.0 „ 20.0 „ 

Considerable variation in bulk does not interfere. 

Effect of Varying Bicarbonate of Soda. — This salt must 
be present in each titration in considerable excess, to prevent the 
interference of free acid. The bicarbonate must be dissolved 
without heating, as neutral carbonates should be avoided. 

Bicarbonate added i gram 2 grams 5 grains 10 grams 
" Iodine " required 20.1 c.c. 20.0 c.c. 20.1 c.c. 20.0 c.c. 

These results show that large variation in the quantity of 
bicarbonate has no effect. 

Effect of Free Acid. — In these experiments, the arsenic 
taken, the starch, and the bulk were as before, but no bicarbonate 
wa« added. In one case the solution was rendered acid with 5 c.c. 
of acetic add, and in the other with 5 c.c. of hydrochloric acid ; 
in both cases the interference was strongly marked, and no satis- 
factory finishing point could be obtained. This was much more 
marked with the hydrochloric acid. 

Effect of Foreign Salts. — ^The process for getting the arsenic 
into solution will exclude all metals except tin, but the solution 
will be charged with sodium or ammonium salts in the process of 
neutralising, so that it is only necessaiy to see if these cause 
any interference. The alkaline hydrates, including ammonia, 
are plainly inadmissible, since no free iodine can exist in their 
presence. Monocarbonates similarly interfere, but to a much less 
extent ; hence the necessity for rendering the assay distinctly add 
before adding the bicarbonate of soda. 

With 20 c.c. of arsenic solution ; and with \)ulk, soda, and 
starch as. before, the results obtained were : — 
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lEXr-DOOK OF ASSAYING. 



With zo grama of ammonio chloride , 
„ 20 grams of Eodium chloride . 
„ 20 grama of sodium acetate . 
„ 0.050 gram of tin, as stannic chlorida 

Without any addition .... 



The interference of the stannic salt is probably mechanical, (hs 
precipitate lianying down some arsenious acid. 

Effect of VaryinB Araonic. — With bulb, starch, and Bod& 
as before, but witli varying arsenic, the restilts were : — 



50,0 c. 



Determination of Araanio in Metallic Copper.— Fnt i 
gram of the copper filings, freed from particles of the file with 
a magnet, into a 16-oz, -flask; and distil with the ferric chloride 
mixture, as above described. Neutralise the distillate ; addify; 
add bicarbonate of soda and starch ; dilute ; and titrate with the 
fitiindard solution of iodine.* Make a blank determination with 
I gram of electrotype copper, proceeding exactly as with the 
assay ; and deduct the amount of arsenic found in this eiperi- 
ment from that previously obtained. 

Working in this way on a copper containing 0.38 per cent, of 
arsenic and 0.80 per cent, of antimony, 0.38 per cent, of arsenic 

Setennination of WMts Arsenic in Crude Aisenio.— 
Weigh out 1 gram of the dried and powdered substance {or 0.5 
gram if rich), and digest with 10 c.c, of a 10 per cent, aolutionof 
Boda ; dilute to about 5° '^■c, and filter. Render faintly add 
with hydrochloric acid, and filter (if necessary) ; add 2 or 3 gnuna 
of bicarbonate of soda in solution, then 5 c.c, of starch, ani 
titrate the cold solution with the standard solution of iodine. 
The following is an example : — 

I gram of crude arsenic required 53.7 c.c, " Iodine;*^^H 

too c.c. " Iodine "==0.6000 gram white arsenic; ^^| 

100 : 53.7 :: 0.6 : 0.3222, or 33.Z percent. ^H 

With the teat tube method of dry assaying, this same sample gM» 

results varying from ,33 to 35 per cent, of white arsenic, wnidi 

(judging from its appearance) was impure. 

• When the amount of arseaic to be estimated is small (as io reflMJ 
coppers), it is better to use a weaker solution of iodine. This Is mads by 
diluting 200 0,0. of the standard solution with water to I litre. Bach oj!. 
will equal o.i per cent,, if 1 gram of the metal has been t^en foi ttB 
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ThU may ho looked upon as an alternative to the gravimetric 
method. It is applicable ia all cases where the arsenic exists in 
Bolution as arsenic acid or as arsenate of soda. The process may 
be considered in two parts: (i) the preparation of the solution, 
and (z) the titration. 

Preparation of the Solution, — If the arsenic has been 
separated as sulphide, it is sullicient to attack it with lo or 15C.0. 
of Bitric acid, and to heat gently till dissolved, avoiding too high 
a temperature at first. Afterwards continue the heat till the 
separated sulphur runs inU} globules, and the bulk of the acid 
haa been reduced to 3 or 4 c.c. Dilute with 20 or 30 c.c. of water ;, 
put in a piece of htmus paper ; and add dilute ammonia until just 
alkaline. Then add 5 c.c. of the sodium acetate and acetic acid 
solution (which should make the solution distinctly acid) ; dilute 
to 150 CO., and heat to boiling. The solution is ready for 
titrating. 

When the arsenic exists in a nitric aeid solution mixed with 
much copper, it is separated in the way described under 
Examination of Commercial Copper (Arsenic and Phosphorus), 
pages 168, 169, 

If the arsenic has been separated as ammonium-magnesium 
arsenate, and phosphates are known to be absent; dissolve the 
precipitate (after filtering, but without washing) in dilute hydro- 
chloric acid. Add dilute ammonia till a shght precipitate i» 
formed, and then 5 c.c. of the sodium acetate and acetic acid 
solution ; dilute to 150 c.c,, and heat to boiling. Titrate, 

If phosphates are present (which will always be the case if 
they were present in the original substance, and no separation 
with sulphuretted hydrogen has been made), the phosphorus will 
count in the subsequent titration aa arsenic (one part of phos- 
phorus counting aa 2.4 parts of arsenic). It will he necessary tO' 
dissolve the mised arsenate and pho.sphate of magnesia in hydro- 
chloric acid. Add about four or five times as much iron (as 
ferric chloride) as the combined ph<Kphorus and arsenic present 
will unite with, and separate by the " basic acetate " process as- 
described under Phosphorus in the Examination of Commerdai 
Copper, page 169. Obviously, when phosphates are present, it i» 
easier to separate the arsenic as sulphide than to precipitate it 
with the "magnesia mixture." 

The Titration.— The standard solution of uranium, acetate ia 
made by dissolving 34. r grams of the salt (with the help of 35 ce. 
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of acetic acid) in water ; and dilating to i litre. The water uid 
acid are added a tittle at & time, and warmed till solution a 
then cooled, and diluted to the required yolamB; 
loo c.c. will equal 0.50 gram, of arsenic. 

The Bodic acetate aTid acetic acid solution la made by 
dissolving loo grama of sodio acetate in 500 c.c. of acetic acid, 
and diluting with water to 1 litre. Five c.c, are used for each 

The solution of potassic ferrocyanide used as indicator is mnda 
by dissolving 10 grams of the salt in 100 c.c. of water. 

To standardise the solution of uranium acetate, weigh up a 
quantity of white arsenic (As^O^) which shall be about equivalent 
to the arsenic contained in tbe assay (o. i or 0.2 gram.) ; transfer 
to a flask, and dissolve in 10 c.c. of nitric acid with the aid of 
heat. Evaporate to a small bulk (taking care bo avoid tlie 
3 of hydrochloric acid) ; dilute with water ; add a smai! 
piece of litmus paper; render faintly alkaline with ammonia; 
bhe sodie acetate solution; dilute to 150 e.c; 
and heat to boihng. 

Fill an ordinary burette with the uranium acetate solution, and 

1 into the assay a quantity known to be insufficient. Agiiin 
heat for a minute or two. Arrange a series of drops of the solu- 
tion of fen'ocyanide of potassium on a porcelain slab, and, with 
the help of a gla.is rod, bring a drop of the assay Eolation in cotitAfiC 
with one of these. If no colour is produced, run in the uranium 
acetate, i c.c. at a time, testing after each addition, till a brown 
colour ia developed. It is best to overdo the ass.iy, and to count 
back. It is not necessary to filter off a portion of the assay hefoM 
testing with the " ferrocyanide," since the precipitate (uianic 



The following experiments show the effect of variation in tie 
conditions of titration. Make a solution of arsenic acid by dis- 
solving 4.95 grams of arseoious acid (ASjOj) in a covered beaker 
with 35 c.c. of nitric acid ; evaporate down to 7 or 8 c.c. ; ond 
dilute with water to i litre ; 100 c.c. will contain 0.375 gram of 
arsenic. Use 20 c.c. for each experiment. 

Effect of Varying Temperature.^ — It is generally recom- 
mended to titrate the boiling solution, since it is possible that the 
precipitation is only complete on boiling. Low results are ob- 
tained in a cold solution, the apparent excess of uranium acetate 
striking a colour at once ; on boiling, however, it ceases to do so ; 
consequently, the solution should always he boiled directly hefon 
testing. 

In four eKperiments made in the way described, but with ao OA 
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of a solution of arsenic acid stronger than that given (loo •e.e. <= 0.5 
gram As), the results at rarpng temperatures were : — 

Temperature . . 15° C. 30** 0. 70* 0. 100° C. 
"Uranium" required 18.0 c.c. 18.5 c.a 18.50.0. 18.70.0. 

Effect of Varying Bulk. — ^These experiments were like those 
last mentioned, but were titrated boiling, and the volume was 
varied : — 

Bulk .... 50.0 0.0, 100.0 c.a 200.0 0.0. 300.0 c.c. 
" Uranium " required 14.0 „ 14.0 „ 14.5 „ 15.0 „ 

Considerable variations in bulk are to be avoided. 

Effect of Varying Sodium Acetate. — ^These experiments 
were carried out like those last noticed, but the bulk was 150 c.c, 
and varying amounts of sodic acetate were added in excess of the 
quantity used in the experiments previously described : — 

Sodic acetate added o gram i gram 10 grams 20 grams 
" Uranium '* required 14.5 0.0. 14.5 c.c. 16.0 c.c. 18.0 c.c. 

It is evidently important that the quantity of this salt present 
in each titration be measxired out, so as to avoid variation. 

Effect of Varying the Sodium Acetate and Acetic Acid 
Solution. — Acetic Acid also affects the results, but in the opposite 
direction, by preventing the precipitation of uranium arsenate. 
With varying volumes of the solution now under notice, the 
results were : — 

Solution added . . 0.0 c.c. 

** Uranium " required 14.5 ^ 

Solution added . . 20.0 „ 

" Uranium " required 13.2 „ 



5.0 CO. 


lo.o c.c. 


15.0 CO 


30.0 „ 
1 0.0 „ 


145 »» 
40.0 „ 

6.0 „ 


14.0 „ 

50-0 If 
2.0 „ 



These show that the quantity ordered (5 c.c.) must be adhered to. 

Effect of Foreign Salts. — In these experiments, 10 grams of 
the salt (the effect of which it was desired to determine) were 
added to a solution in other respects resembling those previously 
used : — 

S It su\deA i -^^^^lonic Ammonic Ammonic Magnesium 

• • I sulphate. nitrate. chloride. siQphate. 
" Uranium " required 15.50.0. 15.50.0. 15.30.0. 15.30.0. 

"Without any addition, 15.0 c.c. were required ; and in another 
experinxent, in which 30 grams of ammonic salts were present^ 




_ hnp I gram 

«(~fll^ 4RIM Ml f««teBi CRi, mA «aV"nte to near diTDefE with 
M<rA4#M«t*liAlfeMM. XAb «p t» loo «!«. witli water, and 
ytm mAi /Ui *nHt l h /toy to wrfm* *>■« faric iron to the ferrona 
MaU, tbteu ^44 toeAvi ^htt^ m nt o tmi M, aad again pass solpba- 
RtWJ ityifjum. Warn, f lUr, sod eraponte the filtrate to drive 
«ff Ih* tticjww c/f iMiatooift;tbMi«dd lo cj;. of nitric acid, and boil 
down till iim atilpbiiit of urwitiic at first precipitated is dissolved; 
turiiliHliiwi ; ujM j im:. uf luidiuui at'etate and acetic acid solution; 
tmnafur Ut u. jiiiiL (iiwik, boil, ivrid titrate. 

itoT suui^lv, »ri iriiimru Mitnple of ore required, in duplicate 8888; 
'■'"" — p^tu nu'li, wlinii trimUid in the above-mentioned wav, 39.6 
fc-^f tliii inuniiiiii iicot'ite solution (looc c. = 0.537 gram 
l^ulvnluiit to o, J M 4 (tmrn of arsenic, or 42.3 per cent 
„tiOa of ArBOnio (As) in Crude Arsenic— lie 
t Itndor tlia iutliiw lilration simply determines dat 
i« Mwiiio witioli is pfMent to the ^nbetanee » 
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the total arsenic in the sample. It would he incorrect to report 
this as so much per cent, of arseniou^ oxide, although it may he 
reported as so much per cent, of arsenic equivalent to so much per 
cent, of white arsenic, thus : — 

Arsenic .... 30.0 per cent. 
Equivalent to white arsenic 39.6 „ 

The equivalent of white arsenic is calculated by multiplying the 
percentage of arsenic by 1.32. The method of determining the 
percentage of arsenic is as follows : — Boil i gram of the sample 
with 10 c.c. of nitric acid. When the bulk of the solution has been 
reduced to one-half, and red fumes are no longer evolved, dilute 
with a little water, and filter into a flask. Neutralise the filtrate, 
add 5 c.c. of sodic acetate solution, boil and filter. The precipitate 
(ferric arsenate) is transferred to a small beaker, treated with 5 c.c. 
of dilute ammonia, and sulphuretted hydrogen passed through it. 
The iron sulphide is filtered ofi*, and the filtrate evaporated with an 
excess of nitric acid. When the solution is clear, it is neutralised, 
and I or 2 c.c. of sodic acetate solution having been added, is then 
mixed with the first filtrate. The solution is boiled and titrated. 

A sample treated in this way required 49.2 c.c. of the uranium 
acetate solution (100 c.c. = 0.537 gram of arsenic), equivalent to 
26.4 per cent. 

Determination of Arsenio in Brimstone. — ^Take 10 grams 
of the substance, and powder in a mortar ; rub up with 10 c.c. of 
dilute ammonia and a little water ; rinse into a pint flask ; pass a 
ciurent of sulphuretted hydrogen ;'and warm on a hot plate for a 
few minutes. Filter, acidulate the filtrate with sulphuric acid ; 
filter off the precipitate ; attack it with 10 c.c. of nitric acid ; and 
proceed as in the other determinations. 



COLOBIMETBIC METHOD. 

Arsenic compounds do not readily yield themselves to the con- 
ditions suitable for colorimetric work. There are a few coloured 
precipitates^ but their solutions are colourless. 
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■which will remove their base, such as fusion with alkaline car- 
bonates, boiling with, strong acids, Ac.* 

Phosphides are converted into phosphates by the action of 
nitric acid or other oxidizing agents. Dilute acids, when they 
acton the substance, evolve phosphuretted hydrogen (PHj). Thu 
student should be on bis guard against IcBing phosphorus in thi.'j 
Kianner. 

There is no dry assay for phoaphorus. All assays for it are 
made either gravi metrically or volumetrically. 

The separation of phosphoric oxide is made as follows ; — The 
ore or metal ia dissolved in acid and evaporated, to render the 
silica insoluble. It is taken up with hydrochloric acid, diluted 
with water, and treated with sulphuretted hydrogen. The filtrate 
iB boiled, to get rid of the excess of p&s, and treated with nitric 
acid, to perozidize the iron present. If the iron is not present in 
more than sufficient quantity to form ferric phosphate with all 
the phosphorus present, some ferric chloride is added. The iron 
13 then separated aa basic acetate. The precipitate wU! contain 
the phosphorus, together with any arsenic acid not reduced bj- 
the sulphuretted hydrogen. The precipitate should have a 
decided brown colour. The precipitate is washed, transferred to 
a fiask, and treated first with ammonia, and then with a current 
of sulphuretted hydrogen. The filtrate from this (acidulated 
with hydrochloric acid, and, if necessary, filtered) contains the 
phosphorus as phosphoric acid. This method is not applicable in 
the presence of alumina, cbromium, titanium, or tin, if the solu- 
tion is efi'ected with nitric acid. The precipitate obtained by the 
action of nitric acid on tin retains any phosphoric or arsenic oxide 
that may be present. 

A method of separation more generally applicable and more 
convenient to work is based on the precipitation of a yellow phts- 
pho-molybdate of ammoma,t by the action of an excess of amnionic 
niolybdate upon a solution of a phosphate in nitric acid. Dissolve 
the substance by treatment with acid, and evaporate to dryness. 
Take up with 10 c.c. of nitric acid, and add 20 grams of amnionic 
niti-ate, togetherwith a little water. Next put in the solution of 
ammonium molybdate solution in the proportion of about 50 c.c. for 
each 0.1 gram of phosphoric oxide judged to be present. Warm to. 
about 80° C, and allow to stand for an hour. Filter, and wash 

• The constitntion of these plioaphatag may be thns illnstrateii — 

Magnesic meta-pfiosphate MgO.P,0,, 

Magnesio pyro-phosphate 2Mg;0.P,0,. 

Magnesic artho-pbospbate 3liIg0.P,O,. 
^ The compodtioD of which is — 

MoO, 90.74, PA 3->4, (NHJ,0 3.57. H,0 2.55 = i-x.ao. 
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gradually (by drops) from a burette, with constant stirring. A 
white crystalline precipitate at once falls, if much phosphorus is 
present ; but, if there is only a small quantity, it may be an hour 
or two before it shows itself. The solution is best allowed to rest 
for twelve or fifteen hours (overnight) before filtering. The pre- 
sence of tartaric add should be avoided ; and the appearance of 
the precipitate should be crystalline. The solution is decanted 
through a filter, and the precipitate washed with dilute ammonia, 
using as little as may be necessary. The precipitate is dried, 
transferred to a weighed Berlin or platinum crucible ; the filter- 
paper is carefully burnt, and its ash added to the precipitate, 
which is then ignited, at first gently over a Bunsen burner, and 
then more strongly over the blowpipe or in the muffle. The resi- 
due is a white mass of magnesium pyrophosphate containing 27.92 
per cent, of phosphorus, or 63.96 per cent, of phosphoric oxide. 



VOLUMETBIC METHOD. 

Instead of separating and weighing this compound, the phos- 
phoric oxide in it can be determined by titration. In many cases 
the ore may be dissolved and immediately titrated without pre- 
vious separation. It is better, however, to carry the separation 
so far as to get phosphoric acid, an alkaline phosphate, or the* 
magnesia precipitate. It may then be prepared for titration in 
tho following way : — ^The precipitate in the last case (without. 
much washing) is dissolved in a little hydrochloric acid, and the 
solution in any case rendered fairly acid. Dilute ammonia is 
added till it is just alkaline, and then 5 c.c. of the sodic acetate^ 
and acetic acid mixture (as described under the Arsenic Assay). 
This should yield a clear distinctly-acid solution. It is diluted 
to 100 or 150 c.c, heated to boiling, and titrated with the ura- 
nium acetate solution, using that of potassic ferrocyanide as 
indicator. 

The 8tanda/rd solution required is made by dissolving 35 grams, 
of uranium acetate in water with the aid of 25 c.c. of acetic acid,, 
and diluting to i litre. 

An equivalent solution of pJiosphoric oodde is made by dis- 
solving 25,21 grams of crystallised hydric disodic phosphate 
(HNa,P04.i2H,0) in water, and making up to i litre. 100 c.c. 
will contain 0.5 gram of phosphoric oxide (PjO^), or 0.2183 gram 
of phosphorus. In making tias solution, transparent crystals only 
must be used. The uranium acetate solution is only approxi- 
mately equivalent to this^ so that its exact standard must be 
determined. 

Ik 
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For smaller quantities the uranium solution should bo diluted to 
half its strength, and the assay solution concentrated by reducing 
its bulk to 50 c.c. and using 2.5 c.c. of the sodium acetate and 
acetic acid solution. 

Deter min&tion of Phosphoric Oxide in Apatite. — Weigh 
up 0.5 gram of the dried and powdered sample, and dissolve it in 
5 c.c. of hydrochloric acid. Evapm-ate to a paste, add 5 c.c. of 
the Eodic acetate and acetic acid solution, dilute to 100 c.c with 
water, boil, and titi'ate with uranium acetate solution. 

In an example, 0.5 gram of apatite required 37.4 c.c. of uranium 
acetate solution (standard equal to 0.5291 gram of phospho 
oxide). The sample therefore contained 0.1979 gram of P,0(, 
equal to 39.58 per cent. 

Deter minatiou of PhOBphoric Oxide in an Iron Ore. — 
Take 10 grams, hoil with 50 c.c. of hydrochloric acid, and evapo- 
rate to a paste ; take up with 10 c.c. of dilute hydrochloric acid, 
and dilute with water to 400 c.c. Pass sulphuretted hydrogen 
for nearly a quarter of an hour ; warm, and filter. Boil off the 
excess of gaa ; cool, add ammonia till nearly neutral, and then a. 
few drops of ferric chloride solution, and 4 or 5 grams of sodium 
acetate, with a drop or two of acetic acid. Boil and filter. Dis- 
solve the precipitate in hot dilute hydrochloric acid, and add 
citro-juagnesia mixture and ammonia; allow to .stand overnight; 
filter, ignite, and weigh. 

In an example, 10 grams of ore gave 28.5 milhgrams of raagnesic 
pyrophosphate, which is equivalent to o.iS per cent, of phosphor' 

Determination of Fhoephoms in Iron. — Take from 2 1 
10 grama (according to the amount of phosphorus present), and 
dissolve in aqua regia, keeping the nitric acid in excess ; eva- 
porate to dryness and take up with hydrochloric acid, boil, 
dilute, and filter, Add 10 c.c. of nitric acid, nearly neutralise 
with ammonia, render acid with 3 or 4 c.c. of nitric acid, and 
add 10 or zo c.c, of ammonic molybdate solution. Heat for 
some time, allow to settle, filter, and wash the precipitate with 
a solution of ammonic nitrate. Dissolve the precipitate in 
dilute ammonia, nearly neutralise with dilute hydrochloric acid, 
and add first " magnesia mixture," and then ammonia ; allow to 
stand overnight ; filter, wash with dilute ammonia, dry, ignite, and 
weigh as magnesio pyrophosphate. Calculate to phosphor 
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of acetic acid) in water ; and. diluting to i litre. The water and 
acid are added a little at a, time, and warmed till solation ia 
etfected ; then cooled, and. diluted to the required volume : 
loo c.c. wUl equal 0.50 gram, of arsenic. 

The sodic acetate UTid acetic acid solution is made by 
dissolving 100 grama of sodic acetate in 500 c,c. of acetic acid, 
and diluting with water to 1 litre. Five c.c. are used for each 
assay. 

The aolution of potasdc ferrocyanide used as indicator is made 
by dissolving 10 grams of the salt in 100 c.c. of water. 

To standardise the solution of uranium acetate, weigh up a 
quantity of white arsenic (As^Oj) which shall be about equivalent 
to the arsenic contained in the assay (o.i or 0.2 gram); transfer 
to a flask, and dissolve in 10 cc. of nitric acid with the aid of 
heat. Evaporate to a small bulk {taking care to avoid the 
presence of hydrochloric acid) ; dilute with water ; add a small 
piece of Litmus paper; reuder faiutlj alkaline with ammonia; 
then add 5 c.c. of the sodic acetate solution; dilute to 150 c.c. ; 
and heat to boiling. 

Fill an ordinary burette with the uranium acetate solution, and 
run into the assay a quantity known to be instiihcient. Again 
heat for a minute or two. Arrange a series of drops of the solu- 
tion of ferrocyanide of potassium on a porcelain slab, and, with 
the help of a gla.ss rod, bring a drop of the assay solution iu coutaat 
with cue of these. If no colour is produced, run in the uranium 
acetate, i c.c. at a time, testing nfter each addition, tiU a brown 
colour is developed. It is best to overdo the aKs.ay, and to count 
back. It is not necessary to filter off a portion of the assay before 
testing with the "ferrocyanide," since the precipitate (uianie 
arsenate) has no effect. 

The following experiments show the effect of variation in the 
conditions of titration. Make a solution of arsenic acid by dis- 
solving 4.95 grams of arsenious acid (ASjO,) in a covered beaker 
with 35 c.c. of nitric acid ; evaporate down to 7 or 8 c.c. ; and 
dilute with water to i litre ; 100 c.c. will contain 0.375 gram of 
arsenic. Use 20 c.c. for eacli experiment. 

Effect of Varying Temperature.— It is generally recom- 
mended to titrate the boiling solution, since it Is possible that the 
precipitation is onl)' complete on boiling. Low results are ob- 
tainetl in a cold solution, the apparent excess of uranium acetate 
striking a colour at once ; on boiling, however, it ceases to do so ; 
consequently, the solution should always be boiled directly before 
testing. 

In four experiments made in the way described, but with 20 aft 



of a solution of arsenic acid stronger than that given ( . 
gram As), the results at Tarying temperatures were : 



Effect of "Varying Bulk, — These erperimenta were lika those 
last mentioned, but were titrated hoiling, and the volm 
varied : — 

Bnlk. . . , 50.0 C.C. 100.0 < 

I " Uianiam" reqtured 14.0 „ l4.,o 

^1 Considerable variations in bulk are to he avoided. 

I Effect of Varying Sodium Acetate. — These experiments 
were carried out like those last noticed, but the bulk was 150 c.c.,. 
and varying amounts of sodic acetate were added in excess of the 
quantity used in the experiments previously described : — 



F" Urauiam'' required 14.5 c.c 14.5 o.' 
It is evidently important that the quantity of this salt present 
in each titration be measured out, so as to avoid variation. 

Effect of "Varying the Sodium Acetate and Acetic Acid 
Solution. — Acetio Acid also affects the results, but in the opposite 
direction, by preventing the precipitation of uranium arsenate. 
With varying volumes of the solution now under notice, the 
results were : — 

^Solntlon added . 
"Uraninm" n 
Solution added. 
"Uranintn" required 13.2 „ 10.0 „ 6.0 „ 2.0 „ 

Theseshowthat the quantity ordered (5 c.c.) must be adhered to. 

Effect of Foreign Salts. — In these experiments, 10 grams of 

the salt (the effect of which it was desired to determine) were 

, added to a solution in other respects resembling those previously 

Salt added . . | 
" Uramnin " regnlrod 

Without any addition, 15.0 c.c. were reqiured ; and in another 
experiment, in which 30 grains of ammonic salts were present. 
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15.6 c.c. of uranium solution were required. Such variatitmB in 
the amount of ammonic Baits as occur in ordinary working are im- 
important. 

Phoaphat-es, of course, interfere. In fact, the uranium acetate 
Bolution can be standardised by titrating with a known weight ot 
phosphate, and calculating its equivalent of arsenic. Xhus, in an 
experiment with 0.6 gram of hydric Bodie phosphate (Na^HPO,. 
izH,0), equivalent to 0.05195 gram of phosphorus, or D.1156 
gram of arsenic, 23.25 c.c. of a solution of uranium acetate were 
required. The same solution standardised with white arsenio gave 
a standard of which 100 c.c. = 0.5333 gram arsenic. On this 
staodard the 0.6 gram of sodic phosphate should have required 
23.5 C.C. 

Experiments in which o.r gram of bismuth and o.i gram of 
antimony were present with o.i gram of arsenic, showed no inter- 
ference on the titration. Ferric or aluminic salts would remove 
their equivalent of arsenio, and, consequently, must be removed 
before titrating. 

Effect of Varying Arsenio. — Varying amounts of metaliiB 
arsenic were weighed up and dissolved in nitric acid, 4c., and 
titrated : — 

ogiam c.2D3giani 
o „ D.igr ., 

These experiments show that the method yields good results 
within these limits. 

Determination of Arsenic in Mispickel. — Weigh up i grara 
of Liie dried and powdered ore, and evaporate to near dryness with 
20 c.c. of dilute nitric acid. Make up to i oo c.c. with water, and 
pass sulphuretted hydrogen to redute the feme iron to the ferrous 
state, then add zo c.c. of dilute ammonia, and again pass sulphu- 
retted hydrogen. "Warm, filter, and evaporate the filtrate to drive 
off the excess of ammonia; then add 10 c.c. of nitric acid, and boil 
down till the sulphide of arsenic at first precipitated is dissolved; 
neuti'alise ; add 5 c.c. of sodium acetate and acetic acid solution; 
transfer to a pint flask, boil, and titrate. 

JTor example, an impure sample of ore required, in duplicate ossaj 
of half a grain each, when treated in the above-mentioned way, 39.6 
and 39.5 c.c. of the uranium acetate solution (100 cc. = 0.537 grem 
of arsenic), equivalent to 0.21 14 gram of arsenic, or 42.3 per cent. 

Determination of Arsonio (As) in Crude Arsenio. — ^Thfl 
method given under the iodine titration simply determines that 
portion of the arsenic whicb is present in the substance aa 
arsenious oxide or white arsenic. The following method will give 



the total arsenic in the sample, 
this as so much per cent, of arsen 
reported as so much per cent, of a 
cent, of white arsenic, thus: — 

Arsenic 

Equivalent to white arsi 



vould be incorrect to report 
3 oside, although it may be 
lie equivalent to so much per 



39-6 



The equivalent of white a 
percentage of arsenic by 1.32. 



c is calculated by multiplying the 
The method of determining the 
percentage of arBenic is as follows : — Boil i gram of the sample 
with 10 c.c. of nitric acid. Wbea the hulk of the solution has been 
reduced to one-half, and red fumes are no longer evolped, dilute 
with a little water, and filter into a flask. Neutralise the filtrate, 
add s c.c. of sodic acetate solution, boil and filter. The precipitate 
(ferric arsenate) is transferred to a small beaker, treated with 5 c.c, 
of dilute ammonia, and sulphuretted hydrogen passed through it. 
The iron sulphide is filtered off, and the filtrate evaporated with aa 
excess of nitric acid. When the solution is clear, it is neutralised, 
and I or 3 c.c of sodic aoetate solution having been added, is then 
mixed with the first filtrate. The solution is boiled and titrated. 

A sample treated in this way required 49.2 c.c. of the uranium 
acetate solution {100 c.c. = 0.537 gram of arsenic), equivalent to 
26.4 per cent. 

Determination of Arsenic in BrimstonQ. — Take 10 grams 
of the substance, and powder in a mortar ; rub up with 10 c.c. of 
dilute ammonia and a little water; rinse into a pint flask; pass a 
current of sulphuretted hydrogen; and warm on a hot plate for a 
few minutes. Filter, acidulate the filtrate with sulphuric acid ; 
filter off the precipitate ; attack it with 10 c.c. of nitric acid j and 
proceed as in the other determinations. 
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GOLOBZMETBIC METHOD. 

Arsenic compounds do not readily yield themselves to the con- 
ditions suitable for colorimetric work. There are a few coloured 
precipitates, but their solutions are colourless. 



TEXT-BOOK OP ASSAYING. 



PRACTICAL EXERCISES. 




1. Mispickel containa 45.0 per cent, of arsEnic, to liow r 

arEenic will this be equivalent ? 

2. How woulfl yon make a standard solution of iodine aothetiooaa 

shall be equivalent to 1 gram of white aisenJc 7 

3. Wliat weight of arseoin is contained in i gram of pyrarsenat* of 

magnesia, and wbat neight of ammonio-magnoslo aj^enate would 

4. The residue, after heating 10 grams of crude arsenic, weiglieii 0^ 

gram. Wbat information does this give as to the composition 
of the substance I If another 10 grains of tlie eabstance, heated 
on a water-bath, lost 0.43 gram, what conoIaKions would you draw, 
and bow would yon report jour results ! 

5. If a sample of copper contained 0.5 per cent, of arsenic, and i gram 

of it were taken for an assaj, bow much standard nraniom ooetsta 
solution would be required in 



PH0SPH0RU8 AND PHOSPHATES. ^H 

Phoepliorua rarely occurs among minerals except in its liigheet 
oxidized state, phosphoric oside (P,Oj), in which it occurs abund- 
antly as "rock phosphate," a variety of apatite which is mainly 
phosphate of lime. Phosphates of most of the metallic oxides are 
found. Phosphoric oxide in small quantities is ■widely diffused, 
imd is a constituent of most rocks. Its presence in varying 
amounts in iron ores is a matter of importance, since it atFecta the 
quality of the iron obta,inable from them. 

Phosphorus occurs in alloys in the unoxidized state. It is 
directly combined with the metal, forming a phosphide. 

I meteoric iron. The alloy phosphor-bronio 
is made up of copper, tin, zinc, and phosphorus. 

Phosphates are mined in large quantities for the use of manuw 
manufacturers, and for making phosphorus. 

Phosphorus and arsenic closely resemble each other in thair 
chemical properties, more especially those which the assayer makefl 
use of for their determination. Phosphorus forma several aeries 
of salts ; but the phosphates are the only ones which need be 
considered. Pyrophosphate of magnesia, which is the form in 
which phosphoric oxide is generally weighed, differs from the 
ordinary phosphate in the proportion of base to acid, MeU- 
phosphates differ in the aame way. If these are present, it must 
membered they act differently with some reagents from tlis 
ordinary phosphates, which are called orthophosphates. Tbej 
are, however, all convertible into orthophosphates by some meuu i 
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'which will remove their base, such as fusion with alkaline car- 
Ixjnatea, boiling with strong acids, &c.* 

Phosphides are converted into phosphates by the action of 
nitric acid or other oxidizing agents. Dilute acids, when they 
ACton the substance, evolve phospburetted hydrogen^(PH,). The 
student should be on his guard against losing phosphorus in this 



There is no dry assay for phosphorus. All assays for it are 
mo.de either gravi metrically or volumetrically. 

The separation of phosphoric oxide is made as follows : — The 
ore or metal is dissolved in acid and evaporated, to render the 
eilica insoluble. It is taken up with hydrochloric acid, diluted 
■with ■water, and treated with sulphuretted hydrogen. The filtrate 
is boiled, to get rid of the excess of gas, and treated with nitric 
acid, to peroxidize the iron present. If the iron is not present in 
more than sufficient quantity to form ferric phosphate with all 
the phosphorus present, some ferric chloride is added. The iron 
is then separated as basic acetate. The precipitate will contain 
the phosphorus, together with any arsenic acid not reduced by 
the sulphuretted hydrogen. The precipitate should have a. 
decided brown colour. The precipitate is washed, transferred to 
a flask, and treated first with ammonfa, and then with a current 
of sulphuretted hydrogen. The filtrate from this (acidulated 
with hydrochloric arid, and, if necessnry, filtered) contains the 
phosphorus as phosphoric acid. This method is not applicable in 
the presence of alumina, chromium, titanium, or tin, if the solu- 
tion is efiected with nitric add. The precipitate obtained by the 
action of nitric acid on. tin retains any phosphoric or arsenic oxide 
that may be present. 

A method of separation more generally apphcable and more 
convenient to work is based on the precipitation of a yellow phoa- 
pho-molyhdate of ammonia,t by the action of an excess of amnionic 
molybdate upon a solution of a phosphate in nitric acid. Dissolve 
the substance by treatment with acid, and evaporate to dryness. 
Take up with lo c.c. of nitric acid, and add so grams of amnionic 
nitrate, together with a little water. Nest pub in the solution of 
ammonium molybdate solution in the proportion of about 50 c.c. foi- 
each 0,1 gram of phosphoric oxide judged to be present. Warm to. 
about 80° C, and allow to stand for an hour. Filter, and wash 

• The constitntion of these phosphates may be thus illustrated — 

Mflgotsic meta-phosphate MgO-PjO.. 

Magnesio pyro-phosphate 2MgO.P„0,. 

Mi^esio ortho-phoaphate 3MgO.F,0,. 
^ The composition of whioh is — 

MoO, go.?-!. PA 3'4. (NHJ,0 3.57, H,0 2.55 = loc.oo. 



I 




b* lopera 
mrj tlMt the whole of tfaa pnopitate be pbced on the filter ; but 
Umb besker mait be coanjletrfy rlrrinl I^Kt^Fe the jH«cipil«tfl 
off the filter vith diliAe -■»»»~«i-, and ran the soIntioD ioto the 
cripnal besker. Bon in fromabanttc^dmiljajidwitfa slimng, 
"n m g ne a* aiixtat f^" tgjng obont ij eie. for each a.t gram oF 
l^u^wne oxide. Allow 1o stand for txie hoar. The white 
trjtUiX&at prectiMtate wmtaina the phccpboraa as anunomuiii- 



FhoaidBte of lead is deconqtoGed hf snlf^iiTtc acid ; the lead is 
converted into the insoluble kad ndphate, and the phospbonc 
acid is dissolved. Pho<^httte of copper and pboephfUe of iron 
may be treated with sulphnretted hvdrt^en ; the former in tn 
acid, and the latter in an alkaline, solution. Fhofphat« of alu- 
minai is generally wei°rhed without sepatation of the aluininft, 
«nce this requires a fusion. In all ca&ss the aim is to get the 
{Aospboric oxide either free, or combined with some mttA 
whose pboephate is soloble in ammonia. 

Jonlie's method of separation is as follows : — One to ten grama 
of the sample are treated with hydrochloric acid, and evaporateil 
to dryness with the addition (if any pyrites is present) of a httla 
nitric acid. The residue is taken up with hydrochlcnic sod, 
cooled, transferred to a graduated flask, and diluted to the mark. 
It in then shaken up, filtered through a dry filter, and a measured 
portion (containing about 0.05 gram of phosphoric acid) trans- 
ferred to a small beaker. Ten c.c. of a dtric-acid solution of 
magnesia * is added, and then an escess of ammonia. If sd 
immediate precipitate is formed, a fre^h portion must be measured 
out and treated with 20 c.c. of the citrato of magnesia solution 
and with ammonia as before. The beaker is put aside for fran 
two to twelve hours. The precipitate is then filtered off and 
washed with weak ammonia; it contains the pbosphoms ae 
ammonium-magnesiam phosphate. 

GEAVIMETEIC DETERMINATIOIT. 

If the phosphate is not already in the form of ammonic-iosg- 
neaic phosphate, it is converted into this by the addition to its 
solution of an excess of ammonia and "magnesia misture." Id 
order to get the precipitate pure, the " magnesia mixture " is run in 

This is made hj adding 27 grama of mapiesinm carbonate (a littleit 

(Imf) to a BOlntion of 370 grams of citric acid in 350 c.c, of warm wilcr; 

Dd, when dissolved, adding 400 c.c of dilute ammoais, and making up llie 

biilh to I litre ; 20 c.c. of the solution is sufficient for o.i gram of Vfi^ 

although more will be required if much iron or alumina is present. 
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gradually (by drops) from a burette, with constant stirring. A 
white ctystaJJine precipitate at once falls, if much phosphorus is 
present ; but, if there ia only a small quantity, it may be an hour 
or two before it shows itself. The solution is best allowed to rest 
for twelve or fifteen hours (overnight) before filtering. The pre- 
sence of tartaric add should be avoided ; and the appeiirance of 
the precipitate should be cryatalliue. The Bolution is decanted 
through a filter, and the precipitate washed with dilute ammonia, 
using as little as may be necessary. The precipitate is dried, 
transferred to a weighed Berlin or platinum crucible ; the filter- 
paper is carefully burnt, and its ash added to the precipitate, 
which is then ignited, at first gently over a Bunsen burner, and 
then more strongly over the blowpipe or in the muffle. The resi- 
due is a white mass of magnesium pyrophosphate containing 17.92 
per cent, of phosphorus, or 63.96 per cent, of phosphoric oxide. 



VOLTJMETBIC METHOB. 

Instead of separating and weighing this compound, the phos- 
phoric oxide in it can he determined by titration. In many cases 
the ore may he dissolved and immediately titrated without pre- 
vious separation. It is better, however, to carry the separatioa 
so far as to get phosphoric acid, an alkaline phosphate, or the- 
magnesia precipitate. It may then be prepared for titration in 
tha following way : — The precipitate in the last case {without 
iiiuch washing) is dissolved in a little hydrochloric acid, and the 
solution in any case rendered fairly acid. Dilute ammonia ia 
added till it ia just alkaline, and then 5 c.c. of the sodic acetate 
and acetic acid mixture (as described under the Arsenic Assay). 
This should yield a clear distinctly-acid solution. It is diluted 
to 100 or 150 c.c, heated to boiling, and titrated with the ura- 
nium acetate solution, using that of potassic ferrocyanide as 
indicator. 

The utandard solution required is made by dissolving 35 grama, 
of uranium, acetate in water with the aid of 25 c.c. of acetic acid, 
and diluting to i litre. 

An eguivaknt solution of phosphoric oxide is made by dis- 
solving 25.21 grams of crystallised hydric disodic phosphate- 
(HNa,PO,.i2H,0) in water, and making up to i litre, roo c.c. 
will contain 0.5 gram of phosphoric oxide (PjOj), or 0.2183 gram 
of phosphorus. In making this solution, transparent crystals only 
must be used. The uranium acetate solution is only approsi- 
Diately equivalent to this, so that its exact standard must be 
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For smaller quantities the uranium solution should be diluted to 
half its strength, and the assay solution concentrated by reducing 
its bulk to 50 c.c. and using 2.5 cc. of the sodium acetate and 
acetic acid solution. 

Determinatioii of Phoaphoria Oxide in Apatite. — Weigh 
«p 0.5 gram of the dried and powdered sample, and dissolve it in. 
5 c.c. of hydrochloric acid. Evaporate to e, paste, add 5 c.c. of 
the Bodic acetate and acetic acid solution, dilute to 100 c.c. with 
water, boil, and titrate with uranium acetate solution. 

In an example, 0.5 gram of apatite required 37.4 c.c. of uranium 
acetate solution {standard equal to 0.5291 gram of phosphoric 
oxide). The sample therefore contained 0.1979 gram of P,0(, 
equal to 39.58 per cent. 

Determination of Phosphoric Oxide in an Iron Ore. — 
Take 10 grams, boil with 50 c.c. of hydrochloric acid, and evapo- 
rate to a paste ; take up with 10 c.c. of dilute hydrochloric acid, 
and dilute with water to 400 c.c. Pass sulphuretted hydrogen 
for nearij a quarter of an hour; wftrm, and filter. Boil off the 
excess of gas ; cool, add ammonia till nearly neutral, and then a 
few drops of ferric chloride solution, and 4 or 5 grams of sodium 
acetate, with a drop or two of sicetic acid. Boil and filter. Dis- 
solve the precipitate in hot dilute hydrochloric acid, and add 
citro-magneaia mixture and ammonia; allow to stand overnight; 
filter, ignite, and weigh. 

In an example, 10 grams of ore gave 28.5 milligrams of magnesie 
pyrophosphate, which is equivalent to 0.18 per cent, of phosphoric 

Determination of Phosphorus in Iron. — Take from 2 to 
10 grama (according to the amount of phosphorus present), and 
<lissoIve in aqua regia, keeping the nitric acid in excess ; eva- 
porate to dryness and take up -with hydrochloric acid, boil, 
dilute, and filter, Add 10 c.c. of nitric acid, nearly neutrahse 
with ammonia, render acid with 3 or 4 c.c. of nitiic acid, and 
add 10 or 20 c.c. of ammonic molybdate solution. Heat for 
some time, allow to settle, filter, and wash the precipitate with 
a solution of ammonic nitrate. Dissolve the precipitate in 
dilute ammonia, nearly neutralise with dilute hydrochloric acid, 
and add first " magnesia mixture," and then ammonia ; allow to 
stand overnight ; filter, wash with dilute ammonia, dry, ignite, and 
weigh as magnesie pyrophosphate. Calculate to phosphorus. 
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PEACTICAL KXERCISEg. 

1. Ten gnimH of an iron yielded iz 

magnesift. What percentage 
contain ? 

2. Ten grama of on iron ore gave iz mUigroms of pp^phospbate. 

What percentage of phospborio oslde did. it contain T 
3- What weiglit of apatite 3Ca,{PO,)5.CaClF woald require 50 e.c. of 
standard uranium solution (loo cc. equal to 0.5 gram of PJHX 

4. You have reason to believe tbat a precipitate wMch has been weigbed 

as magnesic pp-ophosphate contains some arsenate. How would 
jnu dotermiue tba amount of phosphate really present I 

5, Twenty o.c. ofasolution of eodic phosphate containing t).i[xigiaiD 

of P,0, was fonud to require a solution coutaining 0.700 grata of 
bydrated uranium acetate in a titration. The precipitate con- 
tains 60,09 per cent, uranium oxide and 19-91 per cent, of pluis- 
phoric oxide. What percentage of uraniont oiide was 01 ■ '-' 
in the uraniu aoetate I 
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Nitrogen oocura in nature in the frea Eta,te, and forms about 
four-fifths of the atmoapiiere. In combination, as nitrate, it is foond 
in nitre (KNO,), and Chili saltpetre (NaNO,), minerals which 
have a commercial importance. The latter occurs in beds, and is 
extensively worked for use aa a manure and in the preparation of 
nitrio acid. 

Nitrogen is mainly characterised by negative properties, although 
many of its compounds are very energetic bodies. It is & gn*, 
present everywhere, but BO inactive that the assayer can always 
afford to ign'jre its presence, and, except in testing fumaffi 
gases, ifec., he is never called on to determine its quantity. 

The nitrates are an important class of salts, and may he looked 
on as compounds of the bases with nitric pentoside (NjOj). They 
are, with the exception of a few basic compounds, soluble in 
water, and are remarkable for the ease with which they give up 
their oxygen. The alkaline nitrates fuse readily, and lose os^en 
with effervescence forming nitrites ; while at a higher temperatuTB 
they yield more oxygen and laae their nitrogen, either as a lower 
oxide or as nitrogen. The nitrates of the metals, on heating, leave 
the oxide of the m,etal. It is as yielders of oxygen that nitnites 
are so largely used in the manufacture of explosives. Gunpowder 
contains from 65 to 75 per cent, of potassium nitrate (nitre). 

nitrates are best detected and determined by their yielding 
nitric oxide when treated with sulphuric acid and a suitable 
reducing agent, such as ferrous sulphate, mercury, or copper. 
Hitric oxide is a colourless gaa very slightly solnble in M^ter, It 
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combines at once with oxygen, on mixing with the air, to form 
brown ** nitrous fumes," and dissolves in a solution of ferrous 
sulphate, producing a characteristic blackish-brown colour. It is 
this colour which adOfords the best and most easily-applied test for 
nitrates. The substance suspected to contain nitrates is dissolved 
in about i c.c. of water, and treated with an equal volume of 
strong sulphuric acid. After cooling, a solution of ferrous sulphate 
is poured on its surface, so as to form a layer resting on it. On 
standing, a brown or black ring is developed where the liquids 
join, if any nitrate or nitrite is present. Nitrites are distin- 
guished from nitrates by effervescing and yielding brown fumes 
when treated with a little dilute sulphuric acid. 

The separation of nitrates is in many cases difficult. Grenerally, 
on treating the substance with water, the nitrate will be in the 
solution, and is filtered off from any insoluble matter. In the 
exceptional cases it is got into solution by treating with a boiling 
solution of sodium carbonate ; the filtrate will contain it as an 
alkaline nitrate. 

Since, however, in their determination, nitrates are never 
separated and weighed as such, the difficulty of separating them 
has little importance. Usually, the determination can be made on 
the original aqueous solution, and it is never necessary to do more 
than remove any special substance which has a bad effect ; and this 
is easily done by the usual reagents. 



GBAVIMETBIC DETEBMINATION. 

It follows from what has been said that there is no direct gravi- 
metric determination. The percentage of nitrogen pentoxide 
^NjOj) in a comparatively pure nitrate is sometimes determined 
indirectly in the following way : — Place in a platinum-crucible 
4 cr 5 grams of powdered and cleaned quartz. Ignite, cool in a 
desiccator, and weigh with the cover. Mix i gram of the dried 
and powdered salt with the quartz in the crucible by stirring with 
a stout platinum-wire. Cover the crucible, and heat in a Bunsen- 
bumer flame at scarcely visible redness for half-an-hour. Cool 
and weigh. The loss in weight gives the amount of nitrogen 
pentoxide. Sulphates and chlorides in moderate quantity do not 
interfere. The following is an example of the proccsa ; — 
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PRACTICAL 



) how mQoSiH^n 
line so tlist iod oa 



r. Miepickel contaios 45.0 pec cent. o£ i 

arsenic will this be equivalent 7 
1. How would JOB make a standard Eolation of iodine 

Eball be cquivHlent to I gram of whit« arsenic 1 

3. Wliat weight of arsenic is contained in 1 gram of pjrajsenaU of 

magnesia, and what weight of ammonia-magnesic araenate wonld 
it be equivalent to 1 

4. The residue, after heating- 10 grams of crude arsenic, weighed a6i 

gram. What information does this give as to the compoDtian 
of the suhstonce 1 If another 10 grams of the snhstance, heUtd 
on a water-batb, lost 0.43 gram, what conclusions would 70Q draw, 
and how would you report joiir results 1 

5. If a sample of copper cont-ained 0.5 per cent, of arsenic, and i gnai 

of it were tafeen for an assay, how much standard r — ' '"*" 

solutica wonld be required in the titration ! 



PHOSPHORUS AND PHOSPHATES. 

IS rarely occurs among minerals except in its highert 
osidized state, phosphoric oxide (P^Oj), in which it occurs ahund- 
antly as " rock phosphate," a variety of apatite which is mainly 
phosphate of lime. Phosphates of most of the metallic oxides are 
found. Phosphoric oxide in smiiU quantities is widely diffused, 
and is a constituent of most rocks. Its presence in varjing 
amounts in iron ores is a matter of importance, since it affects (ia 
quality of the iron obtainable from them. 

Phosphorus occurs in alloys in the unosidized state. It iB 
directly combined with the metal, forming a phosphide. In thk 

r it occurs in meteoric iron. The alloy phoephor-bronffl 

6 up of coppei", tin, zinc, and phosphorus. 

jphates are mined in largo quantities for the use of mantm 
manufacturers, and for making phosphorus. 

Phosphorus and arsenic closely resemble each other in thor 
chemical properties, more especially those which the assayer makes 
use of for their determination. Phosphorus forms several series 
of salts ; but the phosphates are the only ones which need be 
considered. Pyrophosphate of magnesia, which ia the form in 
which phosphoric oxide is generally weighed, differs from the 
ordinary phosphate in the proportion of base to aeid. Meta- 
phosphates differ in the same way. If these are present, it most 
be remembered they act differently with some reagents from the 
ordinary phosphates, which are called orthophosphates. They 
are, however, all converttble into orthophosphates by some meaBl 



PHOSPROEUS AND PHOSPHATES. 

-wbicli will remove their base, sucli as f ofdou with alkaline car- 
"bonat^a, boiling with strong atids, ic* 

Phosphides are converted into phosphates by the action of 
nitric acid or other oxidizing agents. Dilute acids, when they 
acton the substance, evolve phospburetted hydrogen (PH,). The 
student should bo on bis guard against losing phosphorua in this 



There is no dry assay for phosphorus. All assays for it are 
made either gravimetrically or volumetrically. 

The separation of phosphoric oxide is made as follows ; — The 
ore or metal is dissolved in acid and evaporated, to render the 
silica insoluble. It is taken up with hydrochloric acid, diluted 
with water, and treated with sulphuretted hydrogen. The filtrate 
is boiled, to get rid of the excess of gas, and treated with nitric 
acid, to peroxidiiie the iron present. If the iron is not present in 
more than sufficient quantity to form ferric phosphate with all 
the phosphorus present, some ferric chloride is added. The iron 
is then separated as basic acetate. The precipitate will contain 
the phosphorus, together with any arsenic acid not reduced by 
the sulphuretted hydrogen. The precipitate should have a 
decided brown colour. The precipitate ia washed, transferred to 
a flask, and treated first with ammonia, and then with a current 
of sulphuretted hydrogen. The filtrate from this (acidulated 
with hydrochloric acid, and, if necessary, filtered) contains the 
phosphorus as phosphoric acid. This method is not applicable in 
the presence of alumina, chromium, titanium, or tin, if the solu- 
tion is effected with nitric acid. The precipitate obtained by the 
action of nitric acid on tin retains any phosphoric or arsenic oxide 
that may be present. 

A method of separation more generally applicable and more 
convenient to work is based on the precipitation of a yellow phos- 
pho-molybdate of ammonia,t bythe action of an excess of amnionic 
molybdate upon a solution of a phosphate in nitric acid. Dissolve 
the substance by treatment with acid, and evaporate to dryness. 
Take up with lo c.c. of nitric acid, and add 20 grams of ammonic 
nitrate, togetherwjth a little water. Nest put in the solution of 
ammonium molybdate solution in the proportion of about 50 C.c. foi' 
each 0.1 gram of phosphoric oxide judged to be present. Warm to 
about 80° C, and allow to stand for an hour. Filter, and wash 

* The constitution of these phosphates may be thus illustrated — 

Magnesic loeta-phospbate MgO.RO,. 

MagQesic pyro-phosphate aMgO.P.O,. 

Magnesic oitho-pbosphate 3MgO.F,Oj. 
9 Xhe composition of whiob is — 

MoO. 90.74, Ffi, 3.14. (NHJ,0 3.57, H,0 t-SS = "^ 
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PHOSPHORUS AND PHOSPHATES. 353 

gradually (by drops) from a burette, with constant stirring. A 
white crystalline precipitate at once falls, if much phosphorus is 
present ; but, if there is only a small quantity, it may be an hour 
or two before it shows itself. The solution is best allowed to rest 
for twelve or fifteen hours (overnight) before filtering. The pre- 
sence of tartaric add should be avoided ; and the appearance of 
the precipitate should be crystalline. The solution is decanted 
through a filter, and the precipitate washed with dilute ammonia, 
using as little as may be necessary. The precipitate is dried, 
transferred to a weighed Berlin or platinum crucible ; the filter- 
paper is carefully burnt, and its ash added to the precipitate, 
wUch is then igJted, at first gently over a Bansen burner, and 
then more strongly over the blowpipe or in the muffle. The resi- 
due is a white mass of magnesium pyrophosphate containing 27.92 
per cent, of phosphorus, or 63.96 per cent, of phosphoric oxide. 



VOLUMETBIO METHOD. 

Instead of separating and weighing this compound, the phos- 
phoric oxide in it can be determined by titration. In many cases 
the ore may be dissolved and immediately titrated without pre« 
vious separation. It is better, however, to carry the separationi 
so far as to get phosphoric acid, an alkaline phosphate, or the* 
magnesia precipitate. It may then be prepared for titration in 
tho following way : — ^The precipitate in the last case (without- 
much washing) is dissolved in a little hydrochloric acid, and the 
solution in any case rendered fairly acid. Dilute ammonia is 
added till it is just alkaline, and then 5 c.c. of the sodic acetate^ 
and acetic add mixture (as described under the Arsenic Assay). 
This should yield a dear distinctly-add solution. It is diluted 
to 100 or 150 c.c, heated to boiling, and titrated with the ura- 
nium acetate solution, using that of potassic ferrocyanide as 
indicator. 

The standard solution required is made by dissolving 35 grams, 
of uranium acetate in water with the aid of 25 c.c. of acetic acid,, 
and diluting to i litre. 

An equivalent solution of phosphoric oodde is made by dis- 
solving 25,21 grams of crystallised hydric disodic phosphate 
(HNa,P04.i2H,0) in water, and making up to i litre. 100 c.c. 
will contain 0.5 gram of phosphoric oxide (PjO^), or 0.2183 gram 
of phosphorus. In making this solution, transparent crystals only 
must be used. The uranium acetate solution is only approxi- 
mately equivalent to this, so that its exact standard must be 
determined. 

Ik 
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For smaller quantities the uranium solution should be diluted to 
half its strength, and the assay solution concentrated by reducing 
its bulk to 50 c.c. and using 2.5 c.c. of the sodium acetate and 
acetic add solution. 

Determination of Phosphoric Oxide in Apatite. — ^Weigh 
up 0.5 gram of the dried and powdered sample, and dissolve it in 
5 c.c. of hydrochloric acid. Evaporate to a paste, add 5 c.c. of 
the sodic acetate and acetic acid solution, dilute to 100 c.c. with 
water, boil, and titrate with uranium acetate solution. 

In an example, 0.5 gram of apatite required 37.4 c.c. of uranium 
acetate solution (standard equal to 0.5291 gram of phosphoric 
oxide). The sample therefore contained 0.1979 gram of PjO^, 
equal to 39.58 per cent. 

Determination of Phosphoric Oxide in an Iron Ore. — 
l?ake 10 grams, boil with 50 c.c. of hydrochloric acid, and evapo- 
rate to a paste; take up with 10 c.c. of dilute hydrochloric acid, 
and dilute with water to 400 c.c. Pass sulphuretted hydrogen 
for nearly a quarter of an hour ; warm, and filter. Boil off the 
excess of gas ; cool, add ammonia till nearly neutral, and then a 
few drops of ferric chloride solution, and 4 or 5 grams of sodium 
acetate, with a drop or two of acetic acid. Boil and filter. Dis- 
solve the precipitate in hot dilute hydrochloric acid, and add 
oitro-magnesia mixture and ammonia ; allow to stand overnight ; 
filter, ignite, and weigh. 

In an example, 10 grams of ore gave 28.5 milligrams of magnesic 
pyrophosphate, which is equivalent to 0.18 per cent, of phosphoric 
oxide. 

Determination of Phosphorus in Iron. — Take from 2 to 
10 grams (according to the amount of phosphorus present), and 
dissolve in aqua regia, keeping the nitric acid in excess ; eva- 
porate to dryness and take up with hydrochloric acid, boil, 
dilute, and filter, Add 10 c.c. of nitric acid, nearly neutralise 
with ammonia, render add with 3 or 4 c.c. of nitric acid, and 
add 10 or 20 c.c. of ammonic molybdate solution. Heat for 
some time, allow to settle, filter, and wash the precipitate with 
a solution of ammonic nitrate. Dissolve the precipitate in 
dilute ammonia, nearly neutralise with dilute hydrochloric acid, 
and add first " magnesia mixture," and then ammonia ; allow to 
stand overnight ; filter, wash with dilute ammonia, dry, ignite, and 
weigh as magnesic pyrophosphate. Calculate to phosphorus. 
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combines at once witli oxygen, on mixing with the sdr, to form 
brown ** nitrons fumes," and dissolves in a solution of ferrous 
sulphate, producing a charaxiteristic blackish-brown colour. It is 
this colour which affords the best and most easily-applied test for 
nitrates. The substance suspected to contain nitrates is dissolved 
in about i c.c. of water, and treated with an equal volume of 
strong sulphuric acid. After cooling, a solution of ferrous sulphate 
is poured on its surface, so as to form a layer restinjSf on it. On 
standing, a brown or black ring is developed where the Kquids 
join, if any nitrate or nitrite is present. Nitrites are distin- 
guished from nitrates by effervescing and yielding brown fumes 
when treated with a little dilute sulphuric acid. 

The separation of nitrates is in many cases difficult. Crenerally, 
on treating the substance with water, the nitrate will be in the 
solution, and is filtered off from any insoluble matter. In the 
exceptional cases it is got into solution by treating with a boiling 
solution of sodium carbonate ; the filtrate will contain it as an 
alkaline nitrate. 

Since, however, in their determination, nitrates are never 
separated and weighed as such, the difficulty of separating them 
has little importance. Usually, the determination can be made on 
the original aqueous solution, and it is never necessary to do more 
than remove any special substance which has a bad effect ; and this 
is easily done by the usual reagents. 



GBAVIMETBIC DETEBMINATION. 

It follows from what has been said that there is no direct gravi- 
metric determination. The percentage of nitrogen pentoxide 
^NjOj) in a comparatively pure nitmte is sometimes determined 
indirectly in the following way : — Place in a platinum-crucible 
4 cr 5 grams of powdered and cleaned quartz. Ignite, cool in a 
desiccator, and weigh with the cover. Mix i gram of the dried 
»nd powdered salt with the quartz in the crucible by stirring with 
e stout platinum-wire. Cover the crucible, and heat in a Bunsen- 
bumer flame at scarcely visible redness for half-an-hour. Cool 
And weigh. The loss in weight gives the amount of nitrogen 
pentoxide. Sulphates and chlorides in moderate quantity do not 
interfere. The following is an example of the process : — 
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3ontainB 45.0 per cent, of arsenic, to liow i 
will this be eqoivalent 7 
!. How would f on make a Btandard eolution of iodine so thet 100 c.c. 

shall be cqiiivalent to I gram ot white arEenic ? 
]. What weight of arsenic is contained in i gram of pyrarsenate of 

magneaia, and what weight of Bromonlo-magnosic arsenate would 

it be equivalent to 1 
',. The residue, after heating 10 grama of crude arsenic, weighed 0,62 

gram. What infonnation doea tbia give as to the compoaitioD 

of tbe siibElance T If another 10 grams of the aabstance, heated 

on a water-bath, lost 0.43 gram, what conclusiotlB would jon diwt, 

and how would you report jour resnlts ! 
;. IE a sample of copper contained 0.5 per cent, of araenic, and i gram 

of it were taken for an assay, how much standard n: - — ' - 

EolutiOD would be required ui the titration ? 



PHOSPHORUS AND PHOSPHATES. 

Phosphorus rarely occurs among mineralB escept in its highest 
oxidized state, phosphoric oxide (P,Oj), in which it occurs abund- 
antly as "rock phosphate," a variety of apatite which is mainly 
phosphate of lime. Phosphates of most of the metallic oaadea are 
found. Phosphoric oxide in small quantities is "widely dilTused, 
and is a constituent of most rocks. Its presence in varying 
amounts in iron ores is a matter of importance, since it aifecta the 
quality of the iron obtainable from them. 

Phosphorus occurs in alloys in the unoxidiied state. It u 
directly combined with the metal, forming a phosphide. In tbu 
manner it occurs in meteoric iron. The alloy phosphor-trome 
is made up of copper, tin, zinc, and phosphorus. 

Phosphates are mined in lai'ge qutmtities for the use of manure 
manufacturers, and for making pliosphorus. 

PhosphoruB and arsenic closely resemble each other in their 
chemical properties, more especially those which the assayer makei 
use of for their determination. Phosphorus forms several series 
of salts ; but tbe phosphates are the only ones which need be 
considered. Pyrophosphato of magnesia, which is the form in 
which phosphoric oxide is generally weighed, differs from the 
ordinary phosphate in the proportion of base to acid. Meta- 
phosphates diSer in the same way. If these are present, it must 
be remembered they act differently with some reagents from the 
ordinary phosphates, which are called orthophosphates. They 
are, however, all convertible into orthophosphates by some meaja 
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